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An Atmorpheric Goneral Ci rcu la t ion  Experiment (ACCE), which w i l l  rodel t h e  
la rge- rcr le  c i r c u l a t i o l u  of thlr earth'r atmorphere i n  hemirpherical p a r t r y ,  
ham been propored f o r  Spacelab f l i g h t r .  I n  t h i r  experiment t he  workiw f l u i d  
w i l l  be held be tmen two concentr ic  rpherer and rubJected t o  a r a d i a l  e l e c t r i c  
f i e l d  i n  t h e  form of a rphe r i ca l  capaci tor .  The pole-equator t m p r r a t u r e  
gradient  and the  large-rcale v e r t i c a l  r t a b i l i t p  of the  atmorphere w i l l  be 
mdeled  by maintainlag l r t i t u d i ~ l  temperature gradient. on t h e  r p h e n r  and by 
u i n t a i a l ~  the  ou te r  rphere vanner than the  inner  r p h e n .  The r o t a t i o n  of the  
e a r t h  v i l l  be modeled by co-rotatiag the  r p h e n r .  
Much rophi r t ica ted  laboratory modell- of the e f f e c t 8  of r o t a t i o n  acd 
d i f f e r e n t i a l  heat ing on fluid. har previourly been car r ied  out  i n  c y l i n d r i c a l  
geometrier, and much ha0 k e n  learned which i relevant  t o  t h e  general  
c i r cu l a t ion  of t h e  earth'r  a t rorphere.  Hwever, there  modelr have r e r iou r  
l i l i t a t i o n r  when attempt. a r e  m d e  t o  extend t h e i r  n r u l t r  t o  the rphe r i ca l  
a e m t r y  of the  a twrphe re .  The pr inc ipa l  object ive,  of the  ACCE 8yrtem a r e  t o  
e u d n e  ( i n  the rpher ica l  model) t h e  onrat  of the  wave-cyclone ( b r o c l i a l c )  
i o r t a b i l i t y ,  the  growth ra t -  .ad l e q t h  r c a l e r  of t h i r  i amtab i l i t y ,  and t h e  
r t a t i o m r g  and tiw-dependent f i n i t e  amplitude f l o u r  achieved a r  a coarequence 
of the l n r t a b i l i t y .  
S c i e n t i f i c  t heo re t i ca l  der ign r t u d i e r  fo r  the  ACCE have shown t h a t  i t  w i l l  not 
be ear9 t o  conr t ruc t  an apparatur  i n  which the  required ba roc l in i c  i r u t a b i l i t y  
can k r ea l i r ed .  Hardware f o r  a r i m t l a r  rpher ica l  8eophyrical f l u i d  dynamic 
experiment i r  cur ren t ly  under development f o r  NASA by the  Aerojet General 
Corporation. Thir  experiment, t he  Geophyrical Fluid F l w  C e l l  (GFFC), i r  
concerned with rodel ing conwc t ive ly  unrtable  c i r c u l a t i o a r  ar a r e  found i n  
r t a n .  I n  t h e  GFIC tho inner  rphero w i l l  alwayr be u i n t a i n e d  a t  a h iahor  
t..perature than tho ou t e r  rphere. 
Alth-h t h e  rcience i n  w n e r a l  and t h e  f l u i d  dynaaib c r p a b i l i t i e r  i n  p a r t i c u l a r  
of the  CFFC e x p e r i w n t  and t h ~  AGCE are e r r e n t i a l l y  d i f f a t e u t ,  t h e  ewiaeoriw 
and t h e  hardvare f o r  both u p e r i w n t r  have much i n  c-n. 
Thir  r tudy conceatrater  on t ho re  area. of techrrolo8y and d e r u n  which a n  unique 
t o  t h e  AGCB la order  t o  arrerr It8 f r a r i b i l i t y .  The topic8 of concmrn f o r  t h r  
f e a r i b i l i t y  rtudy include t h e  r e l a c t i o n  of u t e r i a l r  f o r  t h e  * x p a r i r n t  
o b o e m t i o n ,  t h e r u l  d e r b n  t o  con t ro l  expe r iwn t  condi t ioar ,  experiment 
configurat ion f o r  u r e  on Spacelab and coot of impl8mentation. I n  e r t a b l i r h i w  
the  der lgn f o r  t he  ACCE, CFFC d e r u n  experience war ured whenever por r ib le .  
The r e r u l t r  of the  etudy c l e a r l y  a r t a b l i r h  t he  f e a r i b i l i t y  of t he  ACCE 80 a 
Spacelab f l i t h t  experirant .  The AGCB 88 i t  might appear i n  a r i q l e  experiment 
rack 18 ,' -pictad i n  F-re 1.1-1 by a wooden mod81 i l l u r t r a t i ~  t h e  u i n  
r u b o y r t w .  The e x p e r i r n t  mechanical a r a w b l y  i n  c h i  l o r n r  p o r i t i o n  coa t a ln r  
t h e  f l u i d  cell  i n  a realed n i t rogen  atrorphure.  The bulk of t h e  a r roc i a t ed  
e l ec t ron i c r  i m  i n  the  upper pori t ion.  
The enclorure  rubarrembly, Figure 1.1-2, i r  derQned t o  conta in  the o p t i c a l  
rcanner nr re rb ly  f o r  da ta  a c q d r i t i o n ,  the  u l t r a v i o l e t  o p t i c a l  arrembly f o r  dye 
u r k e r  matrix p .nerat ion and t h e  cooling duct  f o r  th. t h e r r o e l e c t r i c  module 
(TIPI) located on the  pol8 of the  f l u i d  cell. 
The tu rn t ab l e  aubarrembly , F i m r e  1.1-3, c o a t a i m  the  m j o r i t y  of w c h a n i c a l  
c a p o n e n t r  required t o  pe r fom the  experiment. 
The h-rt of tho ACCE i r  the  f l w  c e l l  a r r r b l y  rhoun i n  I r i ~ r e  1 -  It 
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receivad the  mrt a t t e n t i o n  during t h e  asseoemnt  of the ACCE f e a s i b i l i t y .  The 
identification of appropr ia te  f l u i d s  to be ured t o  r iu la te  atmoepheric 
c i r c u l a t i o n  under tba in f luence  of jpuvi t y  o i u l a t e d  by a r a d i a l  electric f I a l d  
war one of t he  m a t  critical challenge8 i n  t h e  study. Following a broad rurvey 
, 
of f  l u i d s  and f l u i d  proper t ies ,  s eve ra l  candidate8 emerwd wi th  acceptable 
! 
valuer f o r  their d i a l e c t  ric constant,  v i s cos i t y  and power d i r r i p a t i o n  f a c t o r  
while s t i l l  h i n g  compatible with useble photochromic dyea. The f l u i d s ,  having 
d i e l e c t r i c  constants  above 40, a r e  d i w t h y l s u l f  ide  (D)ISO) atad r r t o l u n i t r i l e .  Two 
photochromic dyes shown i n  the  study t o  be compatible with these d i e l e c t r i c  
f  lu ide  are spiropyran and t r i a r y l r t h a n e .  
Theee combination6 of d i e l e c t r i c  f l u i d s  and p h o t o c h r d c  dyes should be adequate 
t o  produce baroc l in ic  i n s t a b i l i t i e s  using r a d i a l  C l e c t r i c  po t en t i a l s  of l e s e  
than 15 k i l o v o l t s  across  a nominal 1 c e n t i a e t e r  gap. The dot  matr ix  generated by 
the  dye following its expoeure t o  UV l i g h t  should l a s t  f o r  more than s i x t y  
secoadr thereby allawing time f o r  observations of the  f l u i d  flaw dynamics. 
An important aspect t o  t he  success fu l  use of these f l u i d s  l i e s  i n  t h e  d e t a i l s  of 
t he  pu r i f i ca t i on  process necessary t o  achieve a low d i s s i p ~ t t o n  f a c t o r  of 0.002 
t o  minimize f l u i d  heat ing by the  e l e c t r i c  f i e l d .  The implementation of an  
adequate pu r i f i ca t i on  process was beyond t h e  scope of t he  present  study. The 
procedure f o r  i ts  development was def ined,  hwever .  Available da t a  on these  
f l u id s ,  although sparse ,  do i nd i ca t e  t h a t  acceptable proper t ies  a r e  f eaa ib l e  
when r u f f i c i e n t  care  is taken during pu r i f i ca t i on  and handling. 
The  mater ia l  f o r  t h e  ou te r  sphere of tbe flow c e l l  was eelected t o  be sapphire 
k c a u r e  of i t s  optical t ramparency and good thermal conduct ivi ty  f o r  con t ro l  of 
t h e r u l  gradients .  Sol id  hemimpheres with r a d i i  up t o  4 cent imeters  a r e  
ava i lab le  with t h e i r  o p t i c a l  a x i s  within 5 degrees of the a x i s  of r o t a t i o n  f o r  
t he  e x p e r i r n t .  Hepirpherea with r a d i i  up t o  7.5 c e n t i u t e r r  can be unufac tu rod  
with t h e i r  o p t i c a l  a x i r  o r t h o p m l  to  t h e  a x i r  s f  ro ta t ion .  In e i t h e t  care, t h e  
e f f e c t r  of b i r e f r i ~ n c a  from t h e  rapphire m o t  be a c c o m d a t o d  by t h e  
expe r iwn t  e i t h e r  d u r l q  da ta  c o l l e c t i o n  by polar i8dt ion o r  da t a  p r o c e a r i q  by 
I 
ca l ib ra t i on  of t he  predictable  but thawing o p t i c a l  e f f e c t o  on t h e  detected 
The inner rphere of the  flow c e l l  rervmr ar a  rpecular  r e f l e c t o r  f o r  t h e  da t a  
co l l ec t i on  ryrtam a r  w e l l  a r  the  a c t i n  t h r u l  con t to l  f o r  t h e  experiment. A 
cowbinat ion of e l e c t r i c  hea t e r r  placed 10 dagreer aport  on a  w r i d i o n a l  a r c  and 
t h e n o e l e c t r i c  modular ( f o r  cooling and herti-)  located a t  t h e  e q u t c r  and pole 
a r e  urad t o  a r t a b l i a h  the  l i n e a r  thermal grad ian t r  f o r  the expe r iwn t .  Uriq 
ava i l ab l r  ca l cu l a t i on r  of f l u i d  flow dynamic., a  th8-l ana ly r i a  war pa r fonnd  
u r i w  an  e x p l i c i t  53 node model t o  e r t a b l i r h  t h e  perfotprnca r e q u i r e u n t r  f o r  
the  rphere'r hea te r r  and coolerr .  Tha l a r p r t  cooling load i r  9.5 watt8 on t h e  
inner  rphare while the  l a r g e r t  h e a t i q  load i c  16 watt. on t he  ou te r  rphere. 
Within t h i o  operat ing range, a11 t h e r u l  care r  of i n t a r e a t  can be accommodated. 
Heat rxchanpe with the  ex te rna l  anvironmnt i r  accomplirhad by gar  f l w  within 
the  axpa r ima t  arrembly and energy exchawe by co- ro ta t iw conductive f  i ~ .  It 
i r  e r t i u t e d  t ha t  57 kilograms per hour of av ioa ic r  a i r  ruppliad by t h e  Spacelab 
w i l l  ba r u f f i c i e n t  t o  handle t h e  277 watt thermal load generated by t h e  flow 
cel l  and i t r  aerociated equipwnt  ( 1  .a. power rupply , e l ec t ron i c r  , hea t e r r ,  
c o ~ l e r r ,  fan ,  e t c .  ). 
The dr iv ing  force f o r  tho c i r c u l a t i o n  e x p e r i w n t  i r  the r a d l a l  e l e c t r i c  f i e l d  
r i r u l a t i n g  the g r r v i t a t i o n a l  force  of aar th .  The dominant p a t a u t e r r  c o n t r o l l i q  
the  mqpl tude  of the  force arm the  d i e l e c t r i c  conrtant  f o r  t h e  f l u i d  and t h e  
~ a n i t u d a  of the  appl ied wiltwe. A judiciour  choice f o r   ha c o m b i ~ t i o n  of 
there two parameterr can rare t h e i r  implawnta t ion  d i f f i c u l t i e r .  The rtudy 
r a a u l t r  iadiccrta t h a t  f l u id8  with d i e l e c t r i c  con r t an t r  botween 5 and 40 can be 
ured r a t i r f a c t e r i l y  with wltrger lerr than 15 ki lowr l t r .  A 15 U l o v o l t  powar 
rupply (WPS) war deri8n.d l i n g  a reriar r u o x w t  c i r c u i t  t o  wet t h e  
u p e r i w n t  r e q u l t r u n t r  f o r  cont ro l ,  r t a b i l i t y  and l i n e a r i t y  while operat iog a t  
r 300 Hz f r q w n c y .  The HVPS, a s  rhoom i n  Figure 1.1-3, f i t ,  on t h e  r o t a t i a g  
e x p r r i w n t  t ab l e  adjacent  t a  t he  flow c e l l  a r r r r b l y .  
Operation at 300 th har been relectod t o  minimire t h e  pot ion by p a r t i c l e r  
trapped wi th in  the  f lu id .  An on-lina f i l t e r i n g  8ykt.a ha8 b a n  incorporatec! i n t o  
the  AGCE t o  minimire t h e i r  population. Any r e r idua l  p a r t i c l e r  emcaping the  
f i l t e r i w  ryrtem can d i r r u p t  through in t e rac t ion  with the  e l e c t r i c  f i e l d  t he  
o k e r v a t i o n  of the  flow e f f e c t s  being rought i n  t he  exper imnt .  It h u  barn 
oboarved however t h a t  operation a t  o r  above 300 H r  f o r  t he  e l e c t r i c  f i e l d  
minlmirer the  motion t h a t  can ba imparted t o  a p a r t i c l e  bforc! the  f i e l d  
reverred direct ion.  The c o a b i ~ t i o n  of f i l t e r i w  and AC field. w i l l  rmduce 
p8rturba t i o n r  from r t r ay  pa r t i c l e r .  
The oboervation of the c i r c u l a t i o n  e f f e c t s  r e l i e o  on the  generation of ti-- 
raquontial  p of both f l u i d  c i r cu l a t ion  and t h e m 1  gradien t r  over 
rubs t an t i a l l y  a f u l l  h d r p h e r e  of the  ro t a t ing  t e r t  c e l l  t h a t  modela the  
oarth'r atmorphere. Thir  rtudy ham rhown t h a t  t h e  mearuruclnt t o q u i r e w n t r  of 
the  AGCB can ba mat by r r e l a t i v e l y  rimple i n o t r u w n t  ur ing a flying-pot 
rcanner. A prelimirury derign h u  b c n  rhovn capable of rurveying one hemimphare 
of tha ro ta t i -  t e r t  c e l l  a t  a 1 degree r e ro lu t ion  over a 69 dearer  8p.n of 
l a t i t u d e .  Thir  rcanner can obrerve and asarure  the two non-radial c a p o n e n t r  of 
thermal gradient  i n  the t e a t  f l u i d  with 0.01 degree C/cm r e ro lu t ion  a t  r r i g ~ l -  
to-noire r a t i o  (SNR) of a t  l e a r t  6. Photochrooic marker dot8 can k oboerwd 
simultaneously with a SNR i n  t he  hundreds. The s.re detec tors  can a l s o  feed a 
closed c i r c u i t  t e l ev i r ion  (CCTV) display f o r  t h e  payload s p e c i a l i s t ,  with a SNR 
i n  t he  hundreds. 
The flyiag-spot scanner is based on t h e  monocentric (Offner) relay.  The o p t i c a l  
path has been folded away f r m  the  t e s t  c e l l  i t s e l f ,  t o  avoid physical  
interference.  The fo ld ing  mirror  (or  mirrors) has been chosen t o  be semi- 
r e f l e c t i v e  because i t  maximizes t he  scan angle and allows the  scanning beam t o  
paes through the t e s t  f l u i d  almost rad ia l ly .  This  is important f o r  a n i d z i n g  
the  v o l w  of f l u i d  in te rcepted  by t h e  scanning beam and therefore  maximizing 
the  s p a t i a l  reso lu t ion  of the  ins t rugea t .  The monocentric r e l ay  Is impleaented 
using a s o l i d  g l a s s  design assembly because i t  r e s u l t s  i n  a smller and more 
s t ab l e  i n s t n m e n t ,  is  easier t o  r e a l i z e  the  semi-reflective folding P i r r o r  a s  a 
buried-surface beamspli t ter ,  and f r e sne l  l o s ses  can be b e t t e r  control led.  The 
so l id  Offner re lay  has been designed t o  be achromatic over t he  normal v i s i b l e  
spectrum. The nominal r e l ay  design has been based on the  mid-image height  (3.30 
, 8 
mm) and the sodium D-line (5893 angstroms). 
The rapid r o t a t i o n  r a t e  (10,300 RMP) on the  scanner head which is necessary t o  
handle t t e  c e l l  ro t a t ing  a t  i ts maximum r a t e  of 3 rad/eec makes i t  impract ical  
t o  attempt put t ing  e l e c t r i c a l  power i n  o r  out  of the  head while i n  motion. The 
de tec tor  therefore  can not be physical ly  munt'ed on the  scanner head. The 
so lu t ion  se lec ted  is t o  use again Offner r e l ays  t o  put i l ~ a g e s  of eource and 
de tec tor  onto the  scanner head. The scanner head incorpcrates  a f u l l y  r e f l e c t i v e  
buried folding mirror t h a t  w i l l  r o t a t e  these  i m g e s  i n t o  the  self-conjugate 
plane. There they w i l l  funct ion exact ly a s  would physical sources and detectors .  
The only par t  t h a t  mves ,  now, is the  small g l a s s  scanner head, which should be 
mde  symmetrical f o r  dynamic balance. Detectors considered f o r  t h e  allowed 
detec tor  configurat ion include the  fol louiag:  UPT PIN Spot/ZD and Hugher =IN 
10ODB which a r e  both ava i l ab l e  a r  chipr.  The ba r i c  der ign c o n r t r r i n t  Lr the chip 
r i z e  t o  accommodate the image height  a t  the  center  of 3.30 u and f i t  phyr ica l ly  
c l o r e  t o  each other  i n  a four  quadrant arrangament. i 
TI a k . ~ , r e l i n e  derign war analyzed t o  a sce r t a in  whether t he  l u g e  q u a l i t y  war 
a8 t i s .ac tory  and whether t he  s e n r i t i v i t i e r  t o  t h e r a a l  gradient  and marker dot 
opuclr:y a r e  consis tent  with derign goals. The image qua l i t y  waa arreoeed u r i q  
ray t r ac i ag  conpu ta t ioml  methodr. Inetrumental r s n r i t i v i t y  war determined by 
photw r t r i c  a ~ l y r i e .  The derign har been e h m  through ray t r ac i ag  t o  exh ib i t  
outs14:,nding image qua l i t y  and t o  y i e l d  a e igna l  t h a t  i l i n e a r  with thermal 
gradient over a t  least tw decadeo of dynamic r a w e .  
The flying-spot scanner instrument being fundarnentally simple i n  design rhould 
be r ea l i zab le  a t  modest coat .  Volume and weight w i l l  be small i n  comparieon with 
thc  ren t  of the  experimental apparatus.  
Thc type and quant i ty  of da t a  t o  be generated by the AGCE played a key r o l e  i n  
the  se l ec t ion  c ;  the philosophy f o r  exper imnt  cont ro l  and da t a  handling. The 
AGCE data, unlike t h a t  f o r  t he  GFFC, a r e  i n  e l ec t ron ic  form and b e i q  generaced 
a t  a r e l a t i v e l y  high r a t e .  I n  a trade-off atudy between on-board e l ec t ron ic  
video recording and telemetry, telemetry was judgccd t o  be the  b e t t e r  approach 
because i t  produced a eimpler, l e a s  cos t ly  f l i g h t  package and allowed f o r  a more 
d i r e c t  r o l e  c~ the part  of the p r inc ipa l  inves t iga tor  (P I )  during t h e  courre  of 
the  f l i g h t .  
On-board recording not only r q u i r e r  a video recorder and in t e r f ac ing  c i r c u i t r y  
ht a l r o  ruitab1.a d i rp l ay r  and con t ro l r  f o r  the  payload r p e c i a l i r t  (PS) t o  
a r r a r r  rind control  performance. I n  f l i g h t  f o m ,  t h i r  equipment addr 
r u b t a n t i a l l y  t o  tlre c a r t  of the f l i g h t  ryrtem and dini!miter P I  invalmment. I n  
con t r a r t ,  telemetry of experiment da ta  t o  t he  Payload Operation Control Center 
(POCC) p e r r i t ~  a r h i f t  i n  r o l e r  of t he  P I  and PS ruch t h a t  t he  P I  d i m ~ t l y  
a r ~ e r r e r  and ind i r ec t ly ,  v i a  the  PS, control8 ryrtem operation. Thur t he  
telemetry mode doto not requi re  on-board d i rp layr ;  r a the r  there d i rp lhyr  remide 
i n  t he  ACCE Ground Support Equipment (CSB) vhich can be umd 8180 i n  
qua l i f i ca t ion  and acceptance t e r t i n g  ae wel l  a. f o r  PI  use a t  t h e  POCC. 
Thir  overa l l  experiment cont ro l  and d a t a  handlihg philosophy i r  p a r t i c u l a r l y  
well-rui t td  t o  the  na ture  of the  implementation rcheme ee lec ted  f o r  the ACCE. 
The approach not only lovers  the  cos t  of the f l i g h t  u n i t  but .uri.ire# the  ure 
of the  CSE and provides a high l e v e l  of d i r e c t  i n t e r ac t ion  by the  pr inc ipa l  
i nve r t i ga to r  which is a necerrary i a g r e d i m t  i n  thC conduction of a r c i e n t i f i c  
experiment. 
The f e a r i b i l i t y  rtudy f o r  t he  Atmospheric General Ci rcu la t ion  Bxperiment (ACCB) 
examined a11 of the technical  areas  c r i t i c a l  t o  the ruccesr fu l  implementation of 
the experiment on Spacelab. The ove ra l l  conclurion t o  be drawn from the rtudy 
r m u l t r  is tha t  the  AGCE is  feas ib le  f o r  Spacelab with no i d e n t i f i a b l e  technical  
o b t a c l e  t o  block i t r  ruccer r fu l  c a p l e t i o n .  Furthermore, the  f l e x i b i l i t y  i n  the 
deriga parameterr f o r  the AGCE should be r u f f i c i e n t  t o  permit good r e n r i t i v i t y  
i n  exploring the onret  of baroc l in ic  i n r t a b i l i t i e r  f o r  t e r r e r t r i a l  a m r p h e r e r .  
Suf f ic ien t  v a r i a b i l i t y  e x l r t r  i n  derign p a r a w t e r r  ouch a r  f l u i d  d i e l e c t r i c  
caar tan t  , rphere c e l l  diameter, experiment c e l l  gap, range of t h e r u l  cont ro l  
and applied high vol tage t o  allow coruiderable f l e x i b i l i t y  i n  e r t a b l i o h i q  the  
experiment parameterr. Thir f l e x i b i l i t y  can cont r ibu te  r i ~ i f i c a n t l y  t o  
adequately u p p i n g  condition8 cont ro l l ing  b r roc l in i c  i n r t a b i l i t i e r .  The 
f l e x i b i l i t y  i r  fu r the r  increared by the a b i l i t y  of the pr inc ipa l  i nve r t i ga to r  t o  
receive,  evaluate  and r eac t  i n  real-time t o  t he  AGUE r e su l t s .  This  a b i l i t y  f o r  
t he  P I  is achieved by the experiment cont ro l  and data  handling procedure8 
se lec ted  f o r  the AGCE. 
The configurat ion f o r  the AGCE f i t s  w e l l  wi thin a  s i n g l e  expe r imnt  bay rack and 
can e f f ec t ive ly  mate with the  serv ices  required f o r  i ts  operation. 
The r e c o m n d a t i o n s  t o  be made l ie  p r inc ipa l ly  i n  the  realm of technical  
a c t i v i t i e s  t o  insure  a  sound design with good performance margin. The 
recommendations of most s ign i f icance  are:  
a )  i t  is  highly recommended t h a t  the  f l u i d  pu r i f i ca t ion  and 
charac te r iza t ion  program out l ined i n  t h i s  study be completed e a r l y  i n  
the  AGCE f i n a l  hardware design e f f o r t ;  
b) i t  is  highly recommended t h a t  a  general tolerance and s e n s i t i v i t y  
ana lys is  f o r  the system be done t o  e s t ab l i sh  l i m i t s  on performance 
expectation and provide a  bas i s  f o r  cos t  e f f ec t ive  a l loca t ion  of 
f ab r i ca t ion  tolerances;  
c )  i t  i s  recommended tha t  po lar iza t ion  of l i g h t  i n  the  o p t i c a l  scanner 
system be given fu r the r  a t t e n t i o n  f o r  da ta  processing t o  accommodate 
birefringence and ro t a t ion  a f f ec t s ;  
d)  i t  is  recommended t h a t  fu r the r  inves t iga t ion  be given t o  the se l ec t ion  
and v e r i f i c a t i o n  of heat t r a n s f e r  propert ies  of mater ia l s ;  t h i s  is most 
s ign i f  ican t  t o  achieving the  predicted thermal cont ro l  capabi l i ty ;  
2 -0 RESULTS OF THE AGCE FEASIBILITY SNDY 
2 1 BACKGROUND 
An Atmospheric General Ci rcu la t ion  Experiment (AGCE), which w i l l  model the 
. large-scale c i r cu l a t i ons  of t he  earth's atmosphere i n  hemirpherical gecmt ry ,  
has been proposed f o r  Spacelab f l i g h t s .  I n  t h i s  experiment t he  working f l u i d  
w i l l  be held between two concentr ic  sphere. and rubjected t o  a r a d i a l  e l e c t r i c  
f i e l d  i n  the form of a spher ica l  capaci tor .  The pole-equator temperature 
gradient  and the  large-scale v e r t i c a l  s t a b i l i t y  of the  a t rorphere  w i l l  be 
modeled by maintaining l a t i t u d i n a l  temperature gradient8 on the opheres and by 
maintaining the outer  sphere warmer than the  inner sphere. The r o t a t i o n  of t he  
e a r t h  w i l l  be modeled by co-rotating t he  spheres.  
Much sophis t ica ted  laboratory modeling of the e f f e c t s  of r o t a t i o n  and 
d i f f e r e n t i a l  heat ing on f l u i d s  has previously been ca r r i ed  ou t  i n  c y l i n d r i c a l  
gecmetries, and much has been learned which is  relevant  t o  t he  general  
c i r cu l a t i on  of the earth's atmosphere. However, these  models have oer iour  
l im i t a t i ons  when attempts a r e  made t o  extend t h e i r  r e s u l t s  t o  the rphe r i ca l  
geometry of the atmosphere. The pr inc ipa l  ob jec t ives  of the  AGCE eyrtem a r e  t o  
examine ( i n  the spher ica l  model) t he  onset of the  wave-cyclone (baroc l in ic )  
i n r t a b i l i t y ,  t he  growth r a t e r  and length r c a l e r  of t h i r  i n r t a b i l i t y ,  and the 
r t a t i ona ry  and t ia-dependent  f i n i t e  amplitude flowr achieved a r  a conrequence 
of the  i n s t a b i l i t y .  
S c i e n t i f i c  t heo re t i ca l  der ign r t u d i e s  f o r  the AGCE have shown t h a t  i t  w i l l  not 
be eary t o  cons t ruc t  an apparatur  i n  which the  required baroc l in ic  i n r t r b i l i t y  
can bt  rea l ized .  A f l u id  with a high d i e l e c t r i c  conrtant ,  low d i r a ipa t ion  
f ac to r ,  l aw v i r c o r i t p  and other  r p e c i f i c  p roper t ie r  i r  required. A r e l a t i v e l y  
l a r g e  AC vo l t age  i e  r equ i red .  I t  has  been found t h a t  d u s t  p a r t i c l e s  i n  the  f l u i d  
a r e  a g i t a t e d  by t h e  e l e c t r i c  f i e l d  and can i n  t u r n  s t i r  up the  f l u i d .  These d u s t  
p a r t i c l e s  must be removed. Observation of  t h e  flow over  a l a t i t u d i n a l  range of 
90' i e  d e s i r e d .  F u r t h e r ,  t h e  o b s e r v a t i o n a l  and thermal requirements imply t h a t  
t h e  o u t e r  sphere  must be t r a n s p a r e n t  and a good thermal conductor.  I t  remained 
a t  t h e  e t a r t  of t h e  s tudy t o  determine i f  a  s u i t a b l e  m a t e r i a l  of t h e  required 
dimeneions could be made. I t  i s  t h e  i n t e n t  of t h i s  AGCE f e a s i b i l i t y  s tudy  t o  
examine theee  concerns be fo re  proceeding t o  a n  engineer ing f l i g h t  hardware 
deptgn and f a b r i c a t i o n  c o n t r a c t .  
Hardware f o r  a s i m i l a r  s p h e r i c a l  geophysical  f l u i d  dynamic experiment is 
c u r r e n t l y  under development f o r  NASA by t h e  Aeroje t  General  Corporation.  Th i s  
experiment,  the  Geophysical Fluid  Flow ~ t l l  (GFFC) , is concerned wi th  modeling 
convec t ive ly  uns tab le  c i r c u l a t i o n s  a s  a r e  found i n  e t a r s .  I n  t h e  GFFC t h e  i n n e r  
ephere  w i l l  always be maintained a t  a h igher  temperature than t h e  o u t e r  sphere .  
Although t h e  sc ience  In  genera l  and the  f l u i d  dynamic c a p a b i l i t i e s  i n  p a r t i c u l a r  
of  t h e  GFFC experiment and t h e  AGCE a r e  e s s e n t i a l l y  d i f f e r e n t ,  t h e  eng ineer ing  
and t h e  hardware f o r  both experiments have much i n  common. Thus wherever 
p o s s i b l e ,  the  GFFC des ign  exper ience  was used t o  guide t h e  AGCE s y e t e a  des ign.  
Table 2.1-1 lists t h e  s p e c i f i c  t a s k s  i d e n t i f i e d  by t h e  c o n t r a c t  work s t a t ement  
which were accomplished dur ing  t h e  AGCE f e a s i b i l i t y  s tudy e f f o r t .  Note t h a t  i t  
was not t h e  i n t e n t  of t h e  feasibility s tudy  t o  g e n e r a t e  d e t a i l e d  f l i g h t  hardware 
d e r i g n s  but  r a t h e r  t o  accomplish s u f f i c i e n t  a n a l y s e s  and pre l iminary  des igns  t o  
e r t a b l i s h  f e a e i b i l i t y  of t h e  AGCE system a s  a Spacelab experiment. The fol lowing 
r a c t i o n s  have grouped t h e  t a s k s  i n t o  common t e c h n i c a l  a r e a s  wherever p o s r i b l e .  
The r e r u l t r  of t h e  f e a s i b i l i t y  s tudy a r e  s u m a r i z e d  i n  Sec t ion  2.0 conta ined i n  
Volume I. The documentation generated durlng the courre  of the  study which 
contr ibuted t o  the r e s u l t e  a r e  included i n  Section 3.0 contained i n  Volume 11. 
Table 2 .l-1 




Task 1 - Survey of Performed survey t o  i den t i fy  s u i t a b l e  high d i e l e c t r i c  
D ie l ec t r i c  Fluide f l u i d s  compatible with photochromic dye mater ia ls .  
Task 2 - High Voltage/ Performed study t o  determine f e a s i b i l i t y  of equipment 
High Frequency Source t o  generate  high voltnnse (up t o  20-30 kV RIG) over 
a frequency range of bb t o  1000 Hz. 
Task 3 - Duet Removal Performed design study on the  f e a s i b i l i t y  of incor- 
porat ing a hardware capab i l i t y  f o r  programed 
c i r c u l c t i o n  and f i l t r a t i o n  of the d i e l e c t r i c  f l u i d  
a f t e r  system assembly. 
Task 415 - Flow/~heraaal Performed design study t o  determine f e a s i b i l i t y  
Gradient Observation of using a f l y ing  spot  scanner technique f o r  
monitoring and recording thermal grad ien ts  and f l u i d  
flow, i .e.  thermal and flow mapping, i n  the  
d i e l e c t r i c  f l u i d  from pole t o  equator.  
Task 6 - Thermal 
Tark 7 - Control 
Performed hea t  flow ca lcu la t ions  and determined 
the  f e a s i b i l i t y  of maintaining the  desired flow 
c e l l  sphere temperature d i s t r i bu t ion .  
Performed study t o  determine f e a r i b i l i t y  of da ta  
handling and system cont ro l  compatible with 
r e s u l t s  of Tasks 1 thru  6. 
Taok 8 - Material  Determined a v a i l a b i l i t y  of r u i  t ab l e  mater ia l  f o r  
t he  outer  sphere of t he  flow c e l l .  
Ta8k 9 - Configuration Determined f e a r i b i l i t y  of AGCE f l i g h t  configura- 
t i o n  and assessed f e a r i b i l i t y  of flow c e l l  in te r -  
changeabi l i ty  . 
Taok 10 - Cost E e t i ~ t e  Ueing the  RCA PRICE coot m d e l s ,  generated a coat  
es t imate  f o r  designing and f ab r i ca t i ng  one AGCE 
f l i g h t  rystem. 
2.2 MATERIALS FOR DIELECTRIC FLUID AND EXPERIMENT SPHERE 
- 
2.2.1 Survey of D i e l e c t r i c  F lu ids  
The AGCE Statment of Work (SOW) l i s t e d  s e v e r a l  c h a r a c t e r t s t i c s  which t h e  " idea l "  
d i e l e c t r i c  f l u i d  should possess.  Most of t h e  vaJues l i s t e d  were f o r  t h e  Dw 
Corning 200 o i l  used i n  t h e  GFFC w i t h  t h e  except ion of t h e  d i e l e c t r i c  c o n r t a n t  
f o r  which a f a c t o r  of 20 i n c r e a s e  is des i red .  The key parameters i d e n t i f i e d  i n  
t h e  SOW and t h e  d e s i r e d  va lues  a r e  given below. 
1) D i e l e c t r i c  Constant: >40 c0. However, any value  g r e a t e r  than 2.2 Eo v i l l  
be h e l p f u l  (E, - d i e l e c t r i c  cons tan t  of fr;e space - 8.85 x 10-l2 
f  arad/meter)  . 
2)  D i s s i p a t i o n  Factor:  4 x i c  t h e  frequency range around 500 Hz. The 
hea t ing  r a t e  should not exceed O.OOlO~/sec. 
3 )  E l e c t r i c  Volume Resis tance:  1 x 1014 ohm/cm. A lower va lue  l i g h t  be 
s a t i s f a c t o r y  t o  mainta in  t h e  hea t ing  r a t e  below O.OOlO~/sec. 
4 )  D i e l e c t r i c  St rength:  >SO v o l t s j m i l .  The required value  w i l l  depend on 
t h e  sphere  s e p a r a t i o n  and vo l tage  l e v e l .  For t h e  nomfnal va luer  o f  20 kV 
and 1 cm s e p a r a t i o n ,  a r a t i n g  of approximately 5 1  v o l t s / m i l  would be 
required a t  1 cm. T r a n s l a t i n g  t h i s  requirement t o  t h e  s t andard  r a t i n g ,  
u s u a l l y  meaeured f o r  a r e p a r a t i o n  of 0.1 inch,  y i e l d r  a va lue  of 
approximately 1G2 v o l t e / m i l  ( d i e l e c t r i c  s t r e n g t h  i s  i n v e r r e l y  
p ropor t iona l  t o  square  root  of d i e l e c t r i c  th ickness) .  
5) Vircoaj ty :  <5 c e n t i p o i s e .  P re fe rab ly  <1 c e n t i p o i s e .  The upper limit war 
l a t e r  f i x e d  a t  3 cp  (P IR  No. 1254-AGCE-009 i n  Sec t ion  3.1, Volume XI). 
6 )  C o e f f i c i e n t  of Volume Expaneion: >1 x 10 -4 oc-1 
7)  Transparency: C lea r  o r  a l t m s t  c l e a r .  I n  a d d i t i o n ,  t h e  f l u i d  must be 
compatible wi th  a photochromic dye t o  permit  implementation of t h e  f low 
v i s u a l i z a t i o n  technique.  
Since d i s c u r s i o n e  wi th  a x p e r t s  i n  t h e  f i e l d  of d i e l e c t r i c  f l u i d s  i n d i c a t e d  t h a t  
, items ( 4 )  and (6) could be s a t i s f i e d  by a l a r g e  number of f l u i d a  t h e s e  areas 
were not  emphasized i n  t h e  survey.  The requirements  on d i s s i p a t i o n  f a c t o r s  and 
e l e c t r i c  vclume r e s i s t i v i t y  ( i t ems  2 and 3) were combined i n t o  a c o n s i d e r a t i o n  
of d i s s ipa t i .on  f a c t o r  on ly ,  s i n c e  i t  i e  t h e  prore a c c u r a t e l y  oeasulad parameter 
and i n c l u d e s  a l l  e f f e c t s  which c o n t r i b u t e  t o  f l u i d  hea t ing  ( i n c l u d i n g  
r e s i s t i v i  ty) .  
b t h e  s tudy  prog,ressed, t h e  importance of f l u i d  p u r i f i c a t i o n  on t h e  ach ievab le  
d i s e l p a t i o n  f a c t d r  (and r e e u l t i p s  f l u i d  hea t ing)  became apparent  and a n  
a d d i t i o n a l  e f f o r t  was devoted t o  t h a t  a r e a .  Thue, t h e  r e s u l t s  of t h e  rurvey of 
d i e l e c t r i c  f l u i d s  a r e  d ivided i n t o  t h r e e  major a r e a s :  (1) f l u i d  c h a r a c t c r i r t i c a  
assersment,  ( 2 )  f l u i d  p u r i f i c a t i o n ,  c h a r a c t e r i z a t i o n  and handl ing,  and (3) 
fluid/photochromic c o m p a t i b i l i t y  assessment. An a d d i t i o n a l  ou tpu t  of t h e  s tudy  
t a  r d e f i n i t i o n  of a r e a s  which were beyond t h e  p resen t  scope but  r e q u i r e  
cona ide ra t ion  before  a hardware development program is i n i t i a t e d .  
Fluid  C h a r a c t e r i s t i c s  Aesessment 
Three f l u i d  c h a r a c t e r i s t i c s  c r i t i c a l  t o  t h e  s u c c e s s f u l  performance of t h e  ACCE 
a r e  t h e  d i e l e c t r i c  cons tan t  , v i s c o s i t y  and d i s s i p a t i o n  f a c t o r .  S ince  t h e  
Statement of Work emphasized t h e  need f o r  high d i e l e c t r i c  cona tan t s ,  t h e  i n i t i a l  
r tud; .  e f f o r t  addressed t h e  v a r i a t i o n  of v i s c o s i t y  and d i s s i p a t i o n  f e c t o r  ar r 
f 
func t ion  of d i e l e c t r i c  c'onstant . 
A t a b l e  of r o l v e n t r  f o r  chromatography (Kohk P u b l i c r t l o n  No. JJ-3) war ured ar  
t h e  h r i r  f o r  t h i r  armerrsent.  A r e p r e r e n t r t i v e  r e l e c t i o n  of f l u i d r  Era t h a t  
l i r t i n g  i r  given i n  Table 2.2-1 wi th  valuer  f o r  the d i e l e c t r i c c r l  c o n r t a n t  (K),  
and t h e  v i r c o r i t y  ( )  The e r r e n t i a l l y  random v a r i a t i o n  o f  v l r c o r i t y  a8 a 
f u n c t i o n  of d i e l e c t r i c  c o n r t a n t  i r  c l e a r l y  i n d i c a t e d  i n  F igure  2.2-1. 
S e l e c t i n g  a f l u i d  wi th  v i r c o r i t y  .icceptable t o  t h e  ACCE rhould not  be a problem. 
More than 80% of t h e  f l u i d r  i n  Table 2.2-1 have v i r c m i t i e r  lerr than the 
required upper lid t of 3 cp and over SOX have v a l u e r  below t h e  der~!?-e! upper 
l i m i t  of 1 cp. Three f l u i d s  known t o  be compatible wi th  plrotochrod t r ( r e e  
below) a r e  i d e n t i f i e d  i n  F i g t r e  2.2-1. 
S imi la r  a t tempt8 t o  quan t i fy  t h e  d i r r i p a t i o n  f a c t o r  a8 a f u n c t i o n  of d i e l e c t r i c  
conr tan t  were uneuccer r fu l  due t o  a pauc i ty  of d a t a  on d i e r i p a t i o n  f a c t o r r  f o r  
f l u i d r  of high d i e l e c t r i c  cone t a n t  . Suboeqwnt informat ion obta ined through 
d l r c u r r i o ~  w i t h  pe r roane l  a t  t h e  Nat ional  Bureau o f  Standardr ,  Moacranto, Crown- 
Z e l l e r h c h  and t h e  CE Capaci tor  Productr  Department i n d i c a t e d  that t h e  
d i r r i p a t i o n  f a c t o r r  of high d i e l e c t r i c  cons tan t  f l u i d r  a r e  extremely d i f f i c u l t  
t o  mearure and t h e  valuer  obtained a r e  h igh ly  dependent on t h e  f l u i d  p u r i t y  
(hence t h e  o c a r c i  t y  of tabula ted da ta ) .  
I n  l i e u  of d a t a  p e m i t t i n g  a n  exact  q u a n t i f i c a t i o n  of t h e  ach ievab le  f l u i d  
d i r r i p a t i o n  f a c t o r r ,  parametr ic  a n a l y r i r  war per fomed  t o  e r t a b l i r h  t h e  
i n t e r r e l a t i o n r h i p  between t h e  d i r r ipaLion  f a c t o r ,  d i e l e c t r i c  cmrtaat and 
hea t ing  r a t e  of t h e  f l u i d  and t h e  experjmtnt opera t ing  vo l tage  The r e r u l t r  are 
given i n  Figure  2.2-2 f o r  t h e  nominal AGCE des ign conf igura t ion  of 
ri - 5.0 cm ( o u t e r  r a d i u r  of i n n e r  rphere)  
- 6.0 cm ( i n n e r  radium of o u t e r  rphere)  
f - 300 liz (frequency of app l ied  vo l tage)  
. 
Table 2.2-1 
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Hexanes, Reagent ACS 
Cyclohexane, Reagent ACS 
Cycl ohexene 
Carbon Tetrachloride, Reagent ACS 
Ben; we, Reagent ACS 
IF Xylene 
Toluene, Reagent ACS 
Ethyl benten, 
x- Xyl ene 
Propyl Ether 
Bromof orm 

































































Acetic Acid, Glacial, Reagent ACS 
Methyl Acetate 
Ani 1 i ne, Reagent ACS 
Ethyl Formate ACS (Pract.) 
l, l , l-Trichloroethane (Techn. ) 
Octyl Alcohol 
m-Cresol (Pract. ) 
Pyridine, Reagent ACS 
Benzyl Alcohol 
Butyl Alcohol, Reagent ACS 
Isobutyl Alcohol, Reagent ACS 
Isoprophyl Alcohol, Reagent ACS 
Prphyl Alcohol 
Acetone, Reagent ACS 
Acetaldehyde 
m-Ni trotoluene 
Bentoni t r i le ,  Spectro G r~de  
o-Ni trotoluene 
Methanol, Reagent ACS 
N i  trobenzene, Reagent ACS 
Acetoni tri le, Reagent ACS 
Ethylene Glycol 
N i  tromethane, Spectro Grade 
Formic Acid, Feagerlt ATS 



























ORIGINAL PAGE IS 
OF: POOR QUAUrV 
Figure 2.2-1. Illustration of variation in fluid viscosity for  f l u i d s  
of increasing dielectric constant. 
APPLIED VOLTAGE (ki  lob01 ts) 
Figure 2.2-2. Fluid Heating Rate as a I'unction of Applied Voltage 
for Selected Values of Di ie lectr ic  Constant ( K )  and 
Dissipation Factor (tan6).  
As @how~,  f o r  a n  o p e r a t i n g  v o l t w e  of 15 kV and a f l u i d  d i e l e c t r i c  c o a r t a n t  of 
40, a d i r r i p a t i o n  f a c t o r  of f~0 .002  i r  requ i red  t o  r e u i n  below t h e  deoirnd 
u x i m u m  hea t ing  rate of O.OOlO~/rec. O b t a i n i q  a h i l h  d i e l e c t r i c  c o a r t r a t  f l u i d  
of r u f f i c i . n t  p u r i t y  t o  ach ieve  t h i r  low d i r r i p a t i o n  and then  u i a t a i n  the 
p u r i t y  i r  w r y  d i f f i c u l t .  A r w r t e d  f l u i d  p u r i f i c a t i o n  procedure f o r  t h e  ACCB 1; 
i a  d i r c u r r e d  b e l t  u. 
2.2.1.2 Flu id  P u r i f i c a t i o n ,  C h a r a c t e r i r t i c r  and k a d l i q  
A procedure f o r  e v a l u a t i n g  f l u i d r  f o r  u r e  i n  t h e  ACCE wae o u t l i n e d  b a r d  on 
p e r r o ~ l  communication w.t t h  e x p e r t r  i n  t h e  area of f l u i d  p u r i f i c a t i o n  and 
eva lua t ion ,  and a review of p e r t i n e n t  publ i rhsd paperr.  There r o u r c e r  a l l  
ind ica ted  that s p e c i a l  f a c i l i t i e r  ware required t o  a c c u r a t e l y  mearure e l e c t r i c a l  
p r o p a r t i e r  such ao d i e l s c t r i c  conr tan t  and d i r r i p a t i o n  f a c t o r  of high d i e l e c t r i c  I ,: 
f l u i d r .  When highly  p u r i f i e d  f l u i d r  a r e  required i t  i r  a lmort  s s r e n t i a l  th. .r  t h e  
I 
i 
1 .  
p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  be performed i n  t h e  r u m  labora to ry .  A t  
p re ren t  on ly  t h e  CE Capaci tor  Producte Department appears t o  have t h i r  combined 
c a p a b i l i t y .  The fol lowing genera l  s t e p s  were i d e n t i f i e d  a s  t h e  bcrt ACCE f l u i d  
p u r i f i c a t i o n  procedure. 
I )  Fluid  f i l t r a t i o n  us ing membrane o r  dep th  type f i l t e r s  t o  remove non- 
c o l l o i d a l  r o l i d  p a t t i c u l a t e r  00.1  micron). 
2 )  Dehydration and d e a e r a t i o n  u r ing  a combination molecular r i e v e  and 
vacuum treatment t o  remow d i r r o l v e d  water  and g a r e r .  
3) F i n a l  p u r i f i c a t i o n  u r i n g  a n  adrorbent  such a r  f u l l e r ' r  e a r t h  t o  remove 
c o l l o i d a l  r o l i d r  (<0.1 micron), molecular and i0n8. 
The r p e c i f i c r  of i r p l e w n t i q  each of t h e r e  r t e p r  can vary depending o n  f l u i d  
c h a r a c t e r i r t i c r  much a8 v i r c o o i t y ,  d e n r i t y  and d i e l e c t r i c  c o r u t a n t ,  and i n  so- 
care. t h e  procadurer a r e  p r o p r i e t a r y .  For example, a l t h o w h  t h e  t4onranto 
Chemical Coapany and Crown-Zellerbach have what they c o n r i d e r  t o  be good 
p u r i f i c r t l o n  proceduree,  n e i t h e r  would divulge  any d e t a i l 8  of t h e i r  p ~ . o c e r r e r .  
Candidate f lu ida  chosen f o r  t h e  A W E  a p p l i c a t i o n  m o t  be c h a r a c t e r i z e d  t o  
e e t a b l i r h  t h e i r  e l e c t r i c a l  parameterr  and t o  a r e e r r  t h e i r  contaminat ion 
p o t e n t i a l .  B l e c t r i c a l  proper ty  mearurementr should be a r d e  a t  r e v e r a l  p o i n t r  i n  
t h e  p u r i f i c a t i o n  p rocer r  t o  e s t a b l i s h  t h e  e f f e c t i v e n e r r  of each r t e p  and t o  
determine t h e  optimum p u r i t y  ach ievab le ,  i .e . ,  t h e  po in t  a t  which f u r t h e r  
p roces r in8  is of no value .  
Aaserrrwnt of contaminat ion p o t e n t i a l  r e q u i r e r  t h a t  t h e  r a m  r o t  of f l u i d  
proper ty  m t a r u r c w n t s  be made p e r i o d l c a l l y  a f t e r  t h e  p u r i f i c a t i o n  i r  completed. 
During c h i 8  post  pur i f  i c a t i o n  time, t h e  f l u i d  must be placed i n  con tac t  wi th  
candidate  n u r e r i a l s  t o  be used i n  t h e  ACCE f l u i d  system and expored t o  v s r i a u r  
l i f t h t  sources .  The photochromic dye munt a l s o  be mixed wi th  t h e  p u r l f i e d  f l u i d  
and i c r  cf f e c t a  on t h e  f l u i d  propcr t  tea  a sses red .  Pe r iod ic  mearuraanntr  murt 
a l s o  bc made on a c o n t r o l  sample of the  p u r i f i e d  f l u i d  which is maintained i n  a 
dark place  i n  a non-reactive con ta ine r .  There  meaauremcntr w i l l  a l low t h e  
e f f e c t s  of va r iour  m a t e r i a l s  t o  be compared wi th  f l u i d  degradat ion due t o  t h e  
normal aging procers .  
A l o g i c a l  conc lu r ion  of t h e  s t r i n g e n t  f l u i d  p u r i f i c a t i o n  and c h a r a c t a r t r a t i o n  
procedure i n  t h a t  a l l  f l u i d  handl ing procedures m o t  be oinimfzed.  The 
recomaendcd h a n d l i q  procedure f o r  e to rage  and/or t r a n r f e r  of the  f l u i d  from t h e  
p u r i f i c a t i o n  a p p a r a t u r  t o  t h e  AGCE asrembly w i l l  be bared on the r e r u l t r  of the  
i f l u i d  c h a r a c t e r i z a t i o n  ( 1  contamination aurcep t !b i l i ty ) .  The major 
e n v i r o r u e n t a l  parametarm which a r e  l i k e l y  t o  r e q u i r e  s p e c i a l  conmideration 
dur ing t h e  t r a n r f e r  p roce r r  a r e  ( I )  exponure t o  a i r ,  ( 2 )  con tac t  m a t e r i a l o ,  and 
(3) exporure  t o  l i g h t .  
A 8  p rev ious ly  iwnt ioned,  t h e  d i f  f i c u l t t e a  a a s ~ c t a t e d  w i t h  t h e  p u r i f i c a t i o n  and 
c h a r a c t e r i s a t i o n  of  h igh d i e l e c t r i c  f l u i d s  ha8 r e c u l t e d  i n  a pauci ty  of d a t a  f o r  
f l u i d r  of i n t e r e s t  t o  the  ACCE a p p l i c a t i o n .  Although r c r t t e r e d  d a t a  r r r  
a v a i l a b l e  f o r  a few f l u i d a ,  t h e  valuee  depend r t t o n a l y  on t h e  f l u i d  p u r i t y  and 
t h e  measureorsnt techniques ,  m k i *  i t  d i f f i c u l t  t o  e r t a b l i r h  t r endr .  The r a r u l t r  
p re ren ted  i n  Table  2.2-2 rhould be i n t e r p r e t e d  as i n d i c a t i v e  of what may be 
f e a e i b l e  i n  t e r r a  of d i r ~ t p r t i a c  f a c t o r  and /o r  r e s i s t i v i t y .  
2.2.1.3 .- Fluid/Photochroaic  - Compat ib i l i ty  -- 
Laboratory t e e r e  were conducted a t  both  t h e  General  E l e c t r i c  Space Systems 
Divis ion and a t  t h e  Rochester  I n e t i t u t e  of Technology (RIT) t o  +r8eae  t h e  
c o m p a t i b i l i t y  of s e v e r a l  s o l v e n t s  and photochromic dyes. The d e t a i l e d  r e r u l t r  
a r e  docuprented i n  PIR Nos. 1254-xGCE-025, 032, 036, and 037 found i n  S e c t i o n  3.1 
of Volume 11, Det ! led  F e a s i b i l i t y  Study. 
The respoaee p r o p e r t i t o  f o r  r e l evan t  photochromic dye-solvent rysteme as 
measured by Dr. F r a n c i s  of R I T  a r e  g iven i n  Table 2.2-3. The d e n e i t y  of t h e  
r o l u t i o n e  were measured a t  625 nm (as t h e  dyes t e b t e d  y i e l d  e o l u t i o n r  which a r e  
cyan and green i n  c o l o r ) .  The d e n s i t y  v a l - ~ e s  g iven  a r e  t o  be consldered t o  be 
only  r e l a t i v e  numbers, f o r  f nter :ompar iq  t h e  s o l u t i o n s  only.  
With regard  * o  o b t a i n i n g  d e n s i t y ,  t h e r e  is no d i f f i c u l t y  i n  d iaso lv jng  e i t h e r  
dye  i n  any volvent t e r t e d  t h u s  f a r .  (Mild h e a t i n g  t o  BO'C f o r  a few minutes war 
required i n  t h e  c a r e  of e t h y l e n e  g lyco l . )  Tlre dye c o n c a n t r a t i a n s  used were 1 
.g /cc  of ro lven t .  The r a t u r a t i o n  point  of dye i n  s o l v e n t  doer not  appear t o  have 
L 
been even c l o s e l y  approached i n  t h e s e  s o l u t i o n s .  More dye d i s s o l v e d  I n  t h e  
r o l u t i o n r  w i l l  r e s u l t  i n  more d e n s i t y ,  but l i n e a r  inc reaees  w i t h  c o n c e n t r a t i o n  





































































































































































































































































































































































































































































































































































































































































































































































































































































The colored form of the  dye w i l l  a l s o  absorb a c t i n i c  r ad i a t i on  that could 
otherwise be uoed t o  a c t i v a t e  a s  ye t  uncolored dye molecules i n  t h e  ro lu t ion .  
Thir pheno~wnon i r  known as " in te rna l  f i l t e r i n g " .  Increared d e n r i t i e r  are a180 
expected with rad ian t  rources  of g r ea t e r  output a t  a c t i n i c  wavelengthr. 
Relat ive d e n s i t i e e  up t o  1.30 have been produced with fade time8 up t o  3,600 1/2  
recondr. I n  t h e  case of the  MGCN, t h e  fade times can be ad jur ted  t o  r h o r t e r  
times by small  concentrat ions of sodium cyanide added t o  t he  r o l u t i o m ,  a 
cont ro l  not ava i l ab l e  i n  most photochromfc dye systbpur. Sodium cyanide i r  f r e e l y  
roluble  i n  dimethylsulfoxide and 2f 2-ethoxyethoxy) ethanol.  It 18 t o  be 
an t i c ipa t ed  that t h i s  w i l l  be accompanied by some l o s s  of densi ty .  
The solvent  2f2-ethoxyethoxy) e thanol  has been found t o  give t h e  h ighea t  
dens i t i e s  thus f a r  f o r  both BIS and MGCN dye. The d i e l e c t r i c  constant f o r  t h i s  
solvent  has not been found, but the  r e s u l t s  a r e  included a s  i t  is conceivable 
t h a t  i t  is  i n  the  range of i n t e r e s t  s i nce  t h i s  solvent  is  i n  the  a lcohol  clarr 
of compoundr. However, its high v i scos i t y  of approximately 3.8 cp makes i t  
u ~ c c e p t a b l e  f o r  AGCE appl icat ions.  
Malachite green leucocyanide i n  ace t on i  t r i l e  requi res  a spec i a l  note. I n  
previously un~ub l i shed  work by D r .  Francis,  i t  has been noted t h a t ,  i n  t he  care 
of some t r iarylmethane pho toch rdc - so lven t  pa i r s ,  carbon dioxide,  oxyeen o r  
water f r a  t he  a i r  inf luence reponse. One r e s u l t  is the  continued i n c r e u e  i n  
dens i ty  a f t e r  exposure is terminated and very long fade times. P rec ip i t a t i on8  
have been noted. A spontaneous switching of the  so lu t ion  fram the  colored t o  
' 
c o l o r l e s s  s t a t e ,  repeat ing many times can a l s o  be observed. The na ture  of t he re  
complex ro lu t ione  has not been completely elucidated.  
U l a c h i t e  green leucocyanide i n  a c e t o n i t r i l e  represen ts  one ouch care, and while 
exporure  produces s i g n i f i c a n t  d e n s i t y ,  t h e  complex behavior desc r ibed  aborr 
l e e s e n s  t h e  a t t r a c t i v e n e e a  of t h i s  syotem. The s o l u t i o n  e v e n t u a l l y  f a d e r ,  and 
s t i r r i n g  of t h e  r o l u t i o n  diminishes  t h e  e f f e c t  of any long-fade time d e n s i t y .  
The malach i t e  green leucocyanide-ace ton1 t r i l e  sy otem c a n  be re turned t o  notmal 
f a d i w  behavior immediately upon t e rmina t ion  of  exposure i f  t h e  a c e t o n i t r i l e  i r  
purged w i t h  n i t r o g e n  (approx. 4 minutes f o r  1 0  m l  of a c e t o n i t r i l e ) .  A i r  nust be 
e c r u p u l w s l y  excluded subsequently.  S ince  the  AGCE w i l l  provide  a c l o s e d  r y e t a ,  
which i l l i a i n a t e s  exposure of the  f l u i d s  t o  a i r ,  t h e  above compl ica t ioas  may not  
be a problem i n  t h e  o p e r a t i o n a l  system. 
Th i s  behavior  is not observed w i t h  a l l  t r iarylmethane-solvent  p a i r c  and i t  har 
not been observed i n  any c a s e  w i t h  t h e  sp i ropyrans .  
Limited f a t i g u e  s t u d i e s  have been performed by c y c l i n g  s o l u t i o n s  through expore  
and fade  f o r  as many a s  twenty times. Fat igue i s  t h e  p roper ty  of photochromic 
e o l u t i o n s  whereby t h e i r  o p t i c a l  p r o p e r t i e s  change upon repeated cyc l ing .  The 
photochromic s o l u t i o n  may show l e s s  d e n s i t y  w i t h  repeated exporure;  i t  r y  f d e  
more s lowly,  o r  i t  may t a k e  on a permanent co lo r .  However, f a t i g u e  should  not  be  
a problem f o r  t h e  AGCE s i n c e  on ly  a very  smal l  percentage of t h e  f l u i d  Lr 
a c t i v a t e d  f o r  each measurement. Subsequent mixing of the  f l u i d  makes i t  u n l i k e l y  
t h a t  t h e  same p a r c e l  of f l u i d  w i l l  be a c t i v a t e d  s e v e r a l  times. 
Q u a l i t a t i v e  l a b o r a t o r y  t e s t s  were a l s o  performed a t  GE t o  a s s e s s  s e v e r a l  
photochromic d y e / f l u i d  combinations i n  terms of (1) t h e  s o l u b i l i t y  of t h e  dye, 
( 2 )  t h e  response of the  s o l u t i o n  t o  expusure t o  W l i g h t ,  and (3) t h e  fade  time 
b 
of t h e  s o l u t i o n .  'No combinations which e x h i b i t e d  behavior  c o n s i s t e n t  w i t h  t h e  
requirements of the  AGCE were a sp i ropyran  photochromic d ie ro lved  i n  IP 
t o l u n i t r i l e  and a t r i a r y l r  thane photochromic d i s s o l v e d  i n  d imethy l ru l fox ide  
(DHSO). Both s o l u t i o n s  darkened when exposed t o  UV l i g h t  and r e t u r n e d  t o  t h e i r  
original, nearly traarparent  r ta t r r  within a f w  mfauter. The compatibility of 
tbr triarylnthrar/DCISO c a b i n a t i o n  war a l r o  ver i f ied  by Dr. l r a n c i r  of the 
Rocheater I n o t i t u t e  of T o c h a o l o ~  ( r m  above). 
Traarmirrion curnr f o r  there two rolut ionr a r e  given i n  Figurer 2.2-3 and 
2.2-5. A 8  ah-, although the uximum a b o r p t i o n  region8 of tha two rolu t ioar  
d i f f e r  r l igh t ly ,  both coabilut ionr a r e  capable of reducing the  tranrmittauce by 
up t o  75%. I f  the fade time (T) i r  defined a r  a function of t r a a r d t t a n c e  by 
where To and Tp a r e  tha i n i t i a l  ( t -0)  and f i n a l  tranrmittaacer,  than from 
l i ~ r e r  2.2-4 and 2.2-6 fade t i v r  of approxiovtely 110 rec and 70 r ec  a r e  
ccrlculatad f o r  the r t o l u n i t r i l e  and Dl60 rolut ionr,  reaptctively. Therefore, 
both ro lu t io lu  appear acceptable from the rtaadpoint of fade ti- and 
trammlttaace c h a q p  when act ivated.  
Although hardly any photochromic coapoundr a re  comerc ia l ly  available,  Dr. 
l r r n c i r  ha8 conriderable experience i n  the preparation of rpiropyran a d  
t r i a r y l r t b n e  compounds. Procedurer a r e  known f o r  the preparation of a wide 
variety of there two c k r r m  of compound8 and i t  rbould be porrible t o  prepare a 
variety of t h e m ,  i n  q u a t i t i e m  ru f f i c i en t  f o r  th. AGCE, without any exper iwnta l  
d i f f i cu l ty .  The ryntherir  of the  rpiropyram w ~ l r a l l y  require a amber of 
procedural r tepr ,  and the  preprration of rpeci f ic  compounds can be tiw 
coarumfq. One much capound f o r  example roquired 80 hourr t o  prepare. Tb. 
I 
t r i a r y l n t b r  a n  8 e m r a l l y  r i r p l e r  t o  obtain. 
Tbo knoun charac te r i r t i c r  of photochromic colpat ib le  f l u i d r  which have been 
i rmr t1~ t .d  t o  date  a r e  8u~8rir ir@d i n  Table 2.2-4. 
Unattenuated I i g h t  source 
- -- - --- Empty t e s t  tube 
- - - -, Test tube w i th  m-tolunitrile/photochromic 
dye so lu t i on  (unact ivated) 
- - - -, Test tube w i t h  bto1unitri1e/photochromic 
dye so lu t i on  (act ivated)  ; t=O seconds 
- - - Test tube w i t h  m-tolunitrile/photochromic 
dye so lu t i on  (act ivated)  ; t8225 seconds 
1.0 
~ , 1 1 1 , , 1 1 1 , ~ , 1 , 1 , 1  
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Rela t ive  transmjttance o f  m - t o l u n i t r l  l e  w i th  a  
photochromic dye (spiropyran, TNSB) i n  so lut ion.  b 
Transmittance curves i n  the ac t iva ted  s ta te  were 
obtained imnediately a f t e r  and - 225 seconds 
a f t e r  ac t iva t ion .  
Figure 2.2-3 
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FADE TlME (rirnltes) 
Fade t ime f o r  a so lu t ion  o f  m - t o l u n i t r i l e  and a 
spiropyran c lass of photochromic dye (TNSB) . 
Transmittance measured a t  -560 nm. 
Figure 2 . 2 - 4  
Unattenuated l i g h t  source 
- -- - Empty t e s t  tube 
- - - - - Test tube w i th ,  DMSO/photochromic dye 
so lu t i on  (unactivated) 
- - , -- - Test tube w i th  DMSO/photochromic dye 
so lu t i on  (act ivated)  ; tub seconds 
- - - Test tube w i t h  DMSO/photochromic dye 
so lu t i on  (act ivated)  ; t=200 seconds 
1.0 
, 1 1 1 1 1 1 1 1 1  
. 
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YAVELENGTH Gwroreterd 
Rela t ive  transmi t tance o f  DMSO w i t h  a photochromic 
dye ( t r i  arylmethat~e, ma1 achi t e  green 12ucocyanide) 
i n  so lut ion.  Transmittance curves i n  the ac t iva ted  
s t a t e  were obtained imnediately a f t e r  and - 200 seconds 
a f t e r  ac t iva t ion .  
Figure 2.2-5 
ORIGINAL PAGE IS 
OF POOR QUALITY 
FAJE TIME hinutes) 
Fade time for a solution of DMSO and a triarylmethane 
class of photochromic dye (malachite green leucocyanide) . 



























































































































































2.2.1.4 Conclurionr and Recomendationr 
I d e n t i f y i q  compatible photochromic dye-rolvent ayrtema having the hiah  
d i e l e c t r i c  cona tan t ,  law v i r c o r i t y  and c o e f f i c i e n t  of volume exprnr ion d e r i r e d  
f o r  t h e  AGCE war rho- t o  be very f e a s i b l e .  The parameter r e q u i r i w  a d d i t i o n a l  
q u m t i f i c a t i o n  before  a f i n a l  r e l e c t i o n  can be made i r  t h e  f l u i d  d i r e i p a t i o a  
f a c t o r ,  which is  a f u n c t i o n  o f  f l u i d  p u r i t y .  I t  i r  highly  recommended t h a t  t h e  
f l u i d  p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  program o u t l i n e d  i n  t h i r  r tudy  be 
completed p r i o r  t o ,  o r  e a r l y  i n  t h e  ACCE hardware development. The o b j e c t i v e  of 
t h i r  program would be t o  (1)  determine what v a l u e r  of f l u i d  d i r r i p a t i o n  f a c t o r  
a r e  f e u i b l e ,  (2)  a r r i e t  i n  r e l e c t i o n  of t h e  optimum solvent-dye syrtam, and (3) 
e r t a b l i r h  an o p e r a t i o n a l  f l u i d  p u r i f i c a t i o n  procedure f o r  t h e  ACCE. Candidate 
f l u i d s  should be s e l e c t e d  by e v a l u a t i n g  t h e  charac t ; e r i s t i c s  i n  Tablor  2.2-3 and 
2.2-4.  
The f e a r i b i l i t y  of ob ta in ing  high d i e l e c t r i c  cons tan t  s o l v e n t s  compatible wi th  
p h o t c i h r ~ l n i c  dyes war demorutrated ueing a v a i l a b l e  epiropyran and t r i a ry lmethane  
compounds. Of t h e  s e v e r a l  t r i a r y l m t h a n e - r o l v e n t  syoteme eva lua ted ,  m l a c h i t e  
green lencocyanide i n  dime t h y l s u l f  oxide is  probably t h e  m e t  a t  t r a c t i v e ,  
a l though i t  is  one of t h e  more d i f f i c u l t  s o l v e n t s  t o  p u r i f y  and has a r e l a t i v e l y  
high f r e e r i n g  po in t .  The s p i r o p y r a n - r o l w n t  e v a l u a t i o n  was more l i m i t e d  i n  t h a t  
only  two sp i ropyrans ,  DHS and TNSB, v e r e  a v a i l a b l e .  The DHS coolpound war 
designed t o  have very r h o r t  f ade  t imes  (few seconds) and a l though t h i r  compound 
8 not d e r i r a b l c  f o r  t h e  AGCE a p p l i c a t i o n ,  i t  s u c c e r e f u l l y  d e a o n r t r r t e d  t h e  
f  e a r  i b i l i  t y  . The TNSB csapound provided fade  t 1-8 of approxima t c l y  100 recondr 
t 
which i r  wi th in  t h e  1-2 minute range d e s i r e d  f o r  t h e  ACCE. Three s o l v e n t r  having 
h igh ,  radium and low d i e l e c t r i c  c o n e t a n t r  vhich appear  t o  o f f e r  t h e  h o t  
c a p r o m i r e  between high d e n r i t y  and long fade time when ured wi th  t h e  rp i ropyran  
photochromic a r e :  
Sol  ven t  
---- 
m - t o l u n i t r i l e  
cy c lohexanone  
ch lo ro fo rm 4.8 
However, as s t a t e d  above ,  t h e  ach  t e v a b l e  f l lrid pur  t t y  and d i e s i p a t i o n  f a c t o r  
1 1  
w i l l  be a  c r i t i c a l  f a c t o r  and y i l l  r e q u i r e  c o n s i d e r a t i o n  a l o n g  t h e  d i e l e c t r i c  I' 
c o n s t a n t  i n  t h e  u l t i m a t e  f l u i d  s e l e c t i o n .  
While t h e  s o l v e n t s  i d e n t i f i e d  i n  t h i s  s t u d y  a r e  c:ommercially a v a i l a b l e ,  t h e  1. 
photochromtc compounds a r e  no t  atid w i l l  p robably  have t o  be s y n t h e s i z e d  a s  
needed. i I 
2.2.2 M a t e r i a l  f o r  t h e  Outer  Sphere  
-- " -
S e l e c t i o n  of n w t e r i e l  f o r  t h e  o u t e r  s p h e r e  of  t h e  AGCF: apparatus (PIR No. 
1254-AGCE-020) c o n s i b  t r e d  t h e  fo l lowing  a s p e c t s :  ( 1 )  material compos i t i on ,  ( 2 )  
eou rce  of  m a t e r i a l ,  ( 3 )  s i z e  obtainable and f a b r i c a t i o n  t echn ique ,  and ( 4 )  c o s t  
and d e l i v e r y  time. Two m a t e r i a l s ,  sappl l i re  and s p i n e l ,  were l n t t i a l l y  i d e n t i f i e d  
as p o t e n t i a l s  f o r  t h e  o u t e r  s p h e r e .  However, s p i n e l  was q u i c k l y  e l i m i n a t e d  due s 
t o  i t s  poor o p t i c a l  q u a l i t y  and i t s  u n a v a i l a b i l i t y  i n  t h e  l a r g e  s i z e s  d e s i r e d  
f o r  t h e  AGCE. Emphasis was t h e r e f o r e  p laced  on i t ems  ( 2 ) ,  ( 3 )  and ( 4 )  r e l a t l v ~  
t o  s a p p h i r e  on ly .  d 
C r y s t a l  Systems,  Inc .  was i d e n t i f i e d  as the o n l y  producer  of l a r g e  s a p p h l r e  
bou le s  of t h e  s i z e  r e q u i r e d  f o r  t h e  AGCE. P r e s e n t l y ,  m a t e r i a l  t o  f a b r i c a t e  
hemisphe r i ca l  s h e l l s  w i t h  up  t o  4  cm i n n e r  t s d i u s  can  be provided  w i t h  t h e  o p t i c  
a x i s  and c e n t e r l i n e  c a - l i n e a r  ( t o  minimize t h e  c f f e c L s  of b i r e f r i . ngcnce ) ,  wh i l e  
s h e l l s  w i t h  an i n n e r  r a d i u e  of 7 .5  cm '*an he made w i t h  t h e o p t i c a x i s  
perpendicular  t o  t h e  c e n t e r l i n e .  Larger bouler  m y  b~ a v a i l a b l e  i n  t h e  f u t u r e  
I 
and permit  c o n s t r u c t i o n  of l a r g e r  a h e l l s  with co- l inea r  o p t i c  a x i s  and 
c e n t e r l l n e .  Hwever ,  a. d e r c r i b e d  i n  Sec t ion  2.3.5 and PIR No. 1254-AGCE-027 t h e  
i 
' image s h i f t s  produced by t h e  b i re f r ingence  a r e  completely p r e d i c t a b l e  f u n c t i o n r  
1 
i of l a t i t u d e  and long i tude  and can be removed through r z a l i b r a t i o n  procedure. 
Thus, t h e  r e l a t i v e  o r i e n t a t i o n  of t h e  o p t i c a l  and c e n t e r l i n e  axe8 i r  not 
c r i t i c a l  a s  long a s  i t  is known. 
Est iumtes  f o r  f a b r i c a t i o n  of t h e  hemispher ica l  s h e l l  were obta ined from Insaco,  
Inc.  and Frank Cooke, Inc .  who both  s p e c i a l i z e  i n  machining of sapph i re .  The 
s i z e  and o p t i c a l  requirement8 which were provided t o  them a r e  g iven  i n  F igure  
2.2-7 and t h e  r e s u l t s  ob ta ined  from them a r e  summarized i n  Table  2.2-5. 
Machining of t h e  boules i n t o  hemispher ica l  s h e l l s  can  be performed by e i t h e r  
mach in i s t ,  a l though b e t t e r  s u r f a c e  q u a l i t y  i s  guatanteed by Frank Cooke (+1 
f r i n g e  power and 1 / 2  f r i n g e  i r r e g u l a r i t y  vs. - +5 f r i n g e  power and 2 f r i n g e  
i r r e g u l a r i t y ) .  I t  is  t h e r e f o r e  recommended t h a t  an assessment of s u r f a c e  q u a l i t y  
requirements be performed and used a s  the  b a s i s  f o r  s e l e c t i o n  of t h e  machini r t .  
T o t a l  procurement time! f o r  producing t h e  hemiephere (product ion of the boule  and 
machining) may approach o r  exceed a year .  
An a l t e r n a t e  o p t i o n  f o r  f a b r i c a t i n g  t h e  hemispher ica l  s h e l l  Wac ruggeotbd by 
Frank Cooke. Rather  than  machining t h e  s h e l l  o u t  of a s i n g l e  p iece  of sapph i re ,  
a  technique s i m i l a r  t o  t h a t  used i n  c o n s t r u c t i n g  a geodesic  dome could be 
employed. T h i r  method would a l low cone t ruc t ion  of almost  any s i z e  dome but a t  a n  
inc reased  coot .  For example, a s h e l l  of i n n e r  r a d i u s  approximately 8 cm would 
8 
c o s t  a p p r o x i u t e l y  $ l a  ( t e l e c o n  e s t i m a t e  from Frank Cooke) a s e m i n 8  i t  v a r  
composed of segment8 rubtending an angle  of 10'. Thia f a b r i c a t i o n  tachnique 
would a l s o  r e q u i r e  a more complex c a l i b r a t i o n  procedure t o  e l i m i n a t e  t h e  e f f e c t 8  
Case 1. 4.00 cnl + 0.01 cnl 5.00 cnl + 0.01 CIII 
Case 2 .  6.00 cm + 0.01 cnt 7.00 CIN + 0.01 cn~ 
Case 3. 7.50 CIII + 0.01 !:IN 8. 50 CIII + 0. 01 CIII 
REQUI - . - REMENTS .. - . : 
1. Edges and bevels t o  be f i n e  gr ind. 
2. Mater ia ls :  synthet ic  sapphire, op t i ca l  qua1 i t y .  No imperfect ions 01. 
inc lus ions l a rge r  than .010 i n  dianleter permitted. Crystal  ax is  co- 
1 inear  w i t h  ind icated center1 ine  w i t h i n  S o .  
3. Scratch and d i g  80-50. There sha l l  be 110 evidence o f  qrayness o r  s td in  
on o p t i c a l  surfaces. 
4. Surfaces o f  c lea r  aperture sha l l  be t e s t  p l a t e  f i t  w i t h i n  1 f r i nge  power 
and 1/2 f r i nge  i r r e g u l a r i t y  over a one inch diameter area u5ing a standard 
mercury source. 
5. Clear aperture: I. D. and O . D .  
Figure 2.2-7. Hemisphere Size and Opticdl  Requirclnents 
Used t o  Obtnin Cost E s t  inlates 

of b i re f r ingence  , s i n c e  each segment would r e q u i r e  i n d i v i d u a l  cons i d e r a t i o n .  i 
Thus, t h i s  f a b r i c a t i o n  technique should only  be considered i f  sphere  s i z e s  
achievable  by machining a s i n g l e  boule  a r e  not adequate. 
y 
I n  summary, i t  appears  f e a s i b l e  t o  o b t a i n  hemispherical  sapph i re  s h e l l r  of up t o  
7.5 cm i n n e r  r a d i u s  which w i l l  provide t h e  required o p t i c a l  q u a l i t y  f o r  t h e  
AGCE. S ince  t h e  b i re f r ingence  e f f e c t s  can be c a l i b r a t e d  o u t  and s i n c e  they a r e  i 
s i g n i f i c a n t  f o r  d e v i a t i a n s  as small as approximately 1 mrad between t h e  c r y s t a l  
a x i s  and wave normal (PIR No. 1254-AGCE-027) i t  does not  seem f e a s i b l e  t o  
a t tempt  t o  e l i m i n a t e  t h e s e  e f f e c t s  through f a b r i c a t i o n  techniques.  
2.2.3 D i e l e c t r i c  Mate r ia l  f o r  t h e  A X E  B a f f l e  
I n  t h e  c o n s t r u c t i o n  of t h e  AGCE assembly, an  e q u a t o r i a l  b a f f l e  may be required 
i n  t h e  l o v e r  hemispherical  s e c t i o n  of t h e  convection c e l l  t o  prevent  f l u i d  
c i r c u l a t i o n  i n  t h a t  region (PIR 1254-AGCE-016). The d i e l e c t r i c  cons tan t  of t h e  
b a f f l e    rate rial s h ~ u l d  match t h a t  of the  d i e l e c t r i c  f l u i d  t o  minimize d i s t o r t i o n  
of t h e  e l e c t r i c  f i e l d .  
Since  f l u i d s  w i t h  d i e l e c t r i c  c o n s t a n t s  of 40 o r  more may be used,  t h e  
a v a i l a b i l i t y  of m a t e r i a l  f o r  t h e  b a f f l e  which had t h i s  l a r g e  a d i e l e c t r i c  
cons tan t  was a concern. 
A p o t e n t i a l  source  of accep tab le  m a t e r i a l  f o r  t h e  b a f f l e  i n  t h e  AGCE assembly is  
Trans Tech, Inc .  of Gai thersburg,  MD. They can provide ceramic d i e l e c t r i c  
m a t e r i a l  w i t h  any va lue  of d i e l e c t r i c  constant  between 14 and 140 on request .  
b They w i l l  a l s o  machine t h e  m a t e r i a l  t o  customer s p e c i f i e d  conf igura t ions .  Data 
s h e e t s  g iv ing  complete s p e c i f i c a t i o n s  f o r  s e v e r a l  compounds a r e  g iven  i n  PIR 
1254-AGCE-019. Based on t h e  informat ion obta ined t o  d a t e ,  procurement of a 
d i e l e c t r i c  b a f f l e  a ra te r i a l  t o  match t h e  d i e l e c t r i c  cons tan t  of t h e  f l u i d  seema 
q u i t e  f  e a s i b l e .  
2.2.1  Dust Removal 
, .  
It  has  been found by Dr. W. Fowlis t h a t  d u s t  p a r t i c l e s  i n  t h e  d i e l e c t r i c  f l u i d  
,. . 
o s c i l l a t e  due t o  t h e  a p p l i e d  e l e c t r i c  f i e l d .  Th i s  o s c i l l a t i o n  can d i s t u r b  the  
a c t i v a t e d  photochromic dye markers used t o  a s s e s s  d i e l e c t r i c  f l u i d  f  l o v  (wi t h i n  
t h e  s p h e r i c a l  c a p a c i t o r  t e s t  c e l l )  dur ing a n  experiment. The amplitude excurs ion 
of t h e  d u s t  and consequently t h e  d i s t u r b i n g  e f f e c t  i a  reduced by i n c r e a s i n g  t h e  
frequency of the  e l e c t r i c  f i e l d .  The amplitude of displacement dec reases  
i n v e r s e l y  as t h e  square  of  t h e  frequency.  Th i s  d i s t u r b i n g  e f f e c t  i s  much reduced 
f o r  f requencies  above 300 Hz. A combination of a  high frequency vo l t age  source  
and f i l t r a t i o n  of  the  d i e l e c t r i c  f l u i d  should e l i m i n a t e  t h e  problem. 
The high vo l t age  power supply  descr ibed i n  Sec t ion  2.5  has  been s e l e c t e d  t o  
o p e r a t e  a t  300 Hz t o  h e l p  a l l e v i a t e  t h e  d u s t  problem. The p r e s e n t  s e c t i o n  deals 
with  t h e  f i l t r a t i o n  of  d u s t  a f t e r  assembly of t h e  AGCE u n i t .  
The key des ign requirements r e l a t e d  t o  t h e  dus t  removal c a p a h i l l t y  were 
generated and based on previous  development exper ience ,  t h e  Spacelah Payloads 
Accommodation Handbook SLPl2104 and a n  es t ima te  of t h e  AGCE f l i g h t  des ign ( s e e  
Sec t ion  3.1). These served a s  g u i d e l i n e s  f o r  the  f e a s i b i l i t y  s tudy.  
The r e s u l t s  of t h e  f e a s i b i l i t y  e f f o r t  i n d i c a t e  t h a t  a  d u s t  removal c a p a b i l i t y  
can be r e a d i l y  accoamodated. The corresponding weight and peak power requ i red  
a r e  1.7 kg and 35 w a t t s  r e s p e c t i v e l y .  S u i t a b l e  hardware e lements  a r e  a v a i l a b l e  
1 
f o r  incorpora t ing  t h e  c a p a b i l i t y  i n t o  the  AGCE. P r e f l i g h t  and p e r i o d i c  i n f l i g h t  
o p e r a t i o n  of t h i s  AGCE c a p a b i l i t y  is recommended. Purging the  i n t e r n a l  volume of 
t h e  s p h e r i c a l  c a p a c i t o r  assembly (AGCE c e l l )  can be r e a d i l y  accomplished. The 
p re fe r red  mechanical assembly i s  shown i n  Figure  2.2-8. 
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Figure  2.2-9. F i l t r a t i o n  and C i r c u l a t i o n  Loop Block Diagram 
F igure  2.2-9 shows t h e  c i r c u l a t i o n  loop block diagram. The d i e l e c t r i c  f l u i d  
3 
volume is  es t imeted t o  be 275 cm which assumes t h e  f l u i d  volume does not  extend 
below 10's l a t i t u d e .  
The pump s e l e c t i o n  took i n t o  account t h e  coolant  f low requirements  of t h e  
thermal subsystem. A pump cand ida te  Is a n  assembly being used i n  t h e  S h u t t l e  
Galley c u r r e n t l y  under development by GE f o r  NASA-JSC. T h i s  pump i s  a 
magnet ica l ly  coupled gea r  pump supp l i ed  by Micropump, Concord, CA. Uee of t h i s  
3 pump w i l l  r e s u l t  i n  a c i r c u l a t i o n  flow r a t e  of 1420 cm /min (0.375 gpm) and a 
system o p e r a t i n g  p ressure  of 1 5  p s i .  A t  t h i s  f low r a t e  and a n  es t imated 
3 d i e l e c t r i c  f l u i d  volume of 275 cm , a 26 volume purge can  be accomplished d u r i a g  
a 5 minute per iod.  Th i s  should be more than ample t o  main ta in  t h e  d i e l e c t r i c  
f l u i d  i n  a d u s t  f r e e  cond i t ion .  
A disposab le  dep th  type f i l t e r  tube  (Type AAQ) a v a i l a b l e  f  rom Bale ton ,  Inc .  , 
Lexington,  MA, appears  t o  be s u i t a b l e  t o  mainta in  p a r t i c u l a t e  concen t ra t ions  i n  
t h e  d i e l e c t r i c  f l u i d  a t  l e a s  t h a n  10 par t ic les /cm3 f o r  p a r t i c l e s  exceeding 0.5 
micron i n  d iameter  w i t h  t h e  maximum p a r t i c l e  s i z e  not t o  exceed 1.0 micron. 
The f u n c t i o n  of t h e  accumulator i s  t o  compensate f o r  t h e  c h a q e  i n  d i e l e c t r i c  
f l u i d  volume due t o  changes i n  f l u i d  temperature occur r ing  d u r i a g  t h e  AGCE 
a c t i v i t y .  The maximum temperature  range occurs  dur ing  t r a n o p o r t a t i o n  cond i t ion@ 
which f o r  t h e  assumed accumulator des ign  produces a v a r i a t i o n  i n  ry r t em 
o p e r a t i n g  p r e s s u r e  of a minimal - +4.1 p s i .  
Leakage of d i e l e c t r i c  f l u i d  from t h e  d u s t  removal hardware i s  not expected t o  b 
a problem p a r t i c u l a r l y  s i n c e  the  suggested pump assembly is  a magne t i ca l ly  
coupled type,  t h u s  e l i m i n a t i n g  a r o t a t i n g  pump s e a l .  
M a t e r i a l s  c o m p a t i b i l i t y  w i t h  t h e  d i e l e c t r i c  f l u i d  8hould no t  be a problem bu t  
must be re-evaluated a g a i n s t  t h e  d i e l e c t r i c  f l u i d  f i n a l l y  r e l e c t e d .  
Operat ion of t h e  d u s t  removal c a p a b i l i t y  dur ing  AGCE f i n a l  assembly, acceptance  
t e s t ,  pre-launch checkout and on-orbit  opera t ions  is recoorrcndtd. 
OPTICS FOR DATA RETRIEVAL 
. . * -  
2.3.1 Overview 
The objec t iver  of t he  U C E  a r e  t o  generate  t ime- rquen t i a l  u p s  of both f l u i d  
c i r c u l a t i o n  and t h e m 1  gradient  over r u b r t a n t i a l l y  a f u l l  h r r i rphe re  of 
ro t a t i ng  tert c e l l  t h a t  mode10 the  e a r t h o r  a tmophere.  
Thir  rtudy has rhown t h a t  the mearurement rsquirementr of the  AGCE can be met by 
a r e l a t i v e l y  rimple i n r t r u m t ~ t  ur ing a f lyiag-rpot  rcanner. A preliminary 
der ign,  by no meam optimized, har been o h m  capable of rurvrying one 
htmirphere of the  r o t a t i n g  t e a t  cell a t  lo re ro lu t ion  over a 69' ,pan of 
l a t i t u d e .  Thir scanner can obrervc and meaoure the  two non-radial component# of 
t h e m 1  gradient  i n  t h e  tert f l u i d  with O.OlO~/cm re ro lu t ion  a t  a rignal-to- 
no i re  r a t i o  (SNR) of a t  l e a r t  6. P h o t o c h r d c  marker do t s  can be o k e r v e d  
rimultaneourly with a SNR i n  t h e  hundreds. The &.pw detector ,  can a100 feed a 
c lored c i r c u i t  t e l e v i r i o a  (CCTV) di rp lay  f o r  the payload r p e c i a l i r t ,  v i t h  a SWR 
i n  t he  hundredr. 
The preliminary o p t i c a l  der ign developed f o r  t h i s  r tudy ham been rhovn through 
raytracing t o  e x h i b i t  outr tandiag image q u a l i t y  and t o  y i e ld  a 0-81 that i r  
l i n e a r  with thermal gradient  over a t  l e a r t  two d e a d e r  of dynamic ra-e. 
Thir flying-rpot r c a m e r  inotrument being fun&mentally rimple i n  der ign rhould 
be rea l izab le  a t  modeat coot.  Voluw and weight w i l l  be r u l l  i n  compariron with 
t h e  r e r t  of the experimental apparatur.  
The rtudy ha. 81.0 rhown what d i r e c t i o n  t o  take  i n  fu r the r  i r p r o v i q  t h e  der ign,  
e rpec i a l l y  with rerpect t o  i nc rea r i ag  t he  l a t i t u d e  scan a q l e  and tho  ripal-to- 
no i r e  r a t i o .  
2.3.2 T e r t  C e l l  Configurat ion and Pequlrement& 
I n  o r d e r  t o  procced wi th  a pre l iml rury  der ign  and performance evalumtioa,  i t  i o  
necer ra ry  t o  arrrua c e r t a i n  f a c t 8  and r e q u i r e w n t r  r r l a t i q  t o  the phyuical  
c h a r a c t e r  of t h e  tar t  c e l l  and r u n n e r  de r ign  that might e v e n t u a l l y  be impored. 
The port important of there are provided i n  Table 2-3-1. The h u i c  c o n f i ~ r a t i o n  
f o r  t h e  t e s t  cel l  i r  given i n  F igure  2.3-1. 
Table 2.3-1 
T e r t  C e l l  Conf igurat ion and Requirement8 f o r  Derign of Data Colleceicm Syrtem 
C e l l  F a b t i u t i o a  Tolerance8 
Radi i 
Surface  Figure  
Scra tch  and Dig 
Outer Sphere 
Mate r ia l  
Opt ica l  A x l s  
T e r t  Fluid  
Mate r ia l  
Opt ica l  P r o p e r t i e r  
I n n e r  Sphere 
Mate r ia l  
O p t i c a l  P r o p e r t i e r  
M.1 pn 
i r i n g  power 
112 r i q  i t r e g u l a r f . t y  over  25 nm 
diameter  a t  589-3 M 
80/ 50 
Synthe t ig  Sapphire  
wi th in  5 of r o t a t i o n  a x i r  
D M 0  
Like Cla ra  478275 
Al.umI num 
Specular ly  r e f l e c t i v e  l i k e  rilver 
Cell Rota t ion  i b t e  0.25 t o  3.0 r .d ianr / rec  
Scan P a t t e r n  6' t o  82' a l o q  ~ c r i d i a n  
Scanner Spot S i z e  lo a t  rphere  c e n t e r  
Scanner O p t ~ c a l  Derign Centered on Sodium D-line 589.3 nm 
Dynamic Range O . l O ~ / c r  t o  1 ° ~ / c r  
Gradient  S a m i t i v i t y  O . O l O ~ / c .  
Spot Detect ion Senmi t iv i ty  0.2 of f u l l  i l l u c i n r t i o n  l e v e l  
Mechanical Clearance Between 1 
Sphere and Scanner 
ORlolMAL PAGE IS 
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Design Approach 
- 
A d i r e c t  and accurate  method of thermal mapping employing a f l y i n g  spot  scanner 
can take the  form i l l u s t r a t e d  i n  Figure 2.3-2. I n  t h i s  system the  v i r t - l a1  image 
of the r e f l e c t i v e  inner sur face  i s  projected t o  i n f i n i t y  by a second, concentr ic  
mirror. This monocentric p a i r  generated by a n  Offner re lay can imege a t a r g e t  
near t he  common center  a t  u n i t  magnification i n  a manner eubs t an t i a l l y  f r e e  of 
a l l  t h i r d  order  aberrat ions.  When t h i s  t a r g e t  is il luminated by a r o t a t i n g  
col l imator  shar ing the  same v e r t i c a l  a x i s ,  the  l i g h t  passing through the  t a r g e t  
w i l l  be brought t o  a sharply focussed spot  on the  inner  r e f l e c t i v e  sphere,  then 
returned t o  the  t a r g e t  image. A s  the  i l lumina tor  r o t a t e s ,  the  scanni- spot  w i l l  
,we+p out a t h i n  a r c  of a g rea t  c i r c l e  on t h e  sur face  of the  inner  ephere. I f  
thermal gradients  (manifested a s  r e f r ac t i ve  index grad ien ts )  a r e  present  i n  t h e  
f l u i d ,  the l i g h t  passing through t h e  focussed spot  w i l l  be s i g n i f i c a n t l y  
deviated i n  d i r ec t i on ,  but the  loca t ion  of t h e  spot  w i l l  be only s l i g h t l y  
affected.  The r e s u l t  is t h a t  the  d i r ec t i on  of the rays  re turn ing  t o  t he  t a r g e t  
image w i l l  be a l t e r ed  only very s l i g h t l y ,  but the t a r g e t  image i t s e l f  w i l l  
t r a n s l a t e  s ign i f ican t ly .  This t r a n s l a t i o n  is two-dimensional and d i r e c t l y  
re la ted  t o  the  magnitude of the thermal gradient  vector.  Two orthogonal 
components of the index gradient  vector  can be measured d i r e c t l y ,  i n  terme of 
image displacement, by a four  quadrant de tec tor  arra:- placed a t  t h e  t a r g e t  image 
pos i t ion  (see Figure 2.3-3). Since simr~ltaneous eccoder readings i d e n t i f y  the  
surface loca t ion  of tbe f l y ing  spot,  a l l  information needed t o  develop a sur face  
thermal map i s  ava i lab le  d i r e c t l y  i n  e l e c t r i c a l  form, s u i t a b l e  f o r  e l ec t ron i c  
9 
recording o r  transmission. 
This i n s t r u w n t  has the fu r the r  advantage t ha t  i t  car. a l s o  perform t h e  sur face  
flow mapping a t  t h e  same time f t  does the  thermal mapping. Surface flow i e  
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dercribed e n t i r e l y  i n  termr of the  d r i f t  i n  a  matrix of photochromic markerr i n  
the  f l u i d .  Any wan0 of l oca t ing  a  marker dot I n  both rur face  coordinate8 and 
.i* 
time can therefore  accomplish flow mapping. The f l y i n g  rpot  rcanner gurt  
dercribed can & exac t ly  t ha t .  I n  t h i r  c a r e  one would make u r e  of the  t o t 8 1  
r e tu rn  a t  t he  four  quadrant de t ec to r ,  whore magnitude i r  a  a sa ru re  of ru r f ace  
albedo. A rudden drop i n  t h a t  t o t81  r i gna l ,  detected by a d i f f e r e n t i a t i o n  
c i r c u i t ,  i d e n t i f i e r  the prarence of an opaque marker dot a t  the locur  of the  
scanner rpot .  I f  than both de f l ec t i on  r i gna l r  and t o t a l  8Qn.l de r iva t ive  a r e  
recorded e imu~taneour ly  with rcannar and model encoder e igna l r ,  both ru r f ace  
f l o v  and eurface thermal mapa w i l l  have been recorded i n  8 form lending i t r e l f  
t o  rubequen t  automatic procesring and p lo t t ing .  
The f l y i w  spot rcanner can a l s o  furn ish  the  payload s p e c i a l i r t  wi th  a  
r u b r t a n t i a l l y  real-time synopt ic  view of the rur face .  The rcanner sweep8 an 
e n t i r e  hemisphere i n  the  form of t h in  meridional toner.  Each rcan can be 
dirplayed a e  a s i n g l e  v e r t i c a l  l i n e  on a video dieplay t h a t  i e  r c ro l l ed  ridewaye 
a t  a  r a t e  correeponding t o  t he  model ro ta t ion .  The payload a p e c i a l i e t  would then 
r ee  on the  e c n e n  a rlowly r c r o l l i ~  d i sp lay  of the  e n t i r e  hemirpherical rur face  
i n  cy l ind r i ca l  equal-rpaced project ion.  This ham the  wri t  that i t  ueer 
e r r e n t i a l l y  raw e igna l ,  conditioned only enough t o  aiatch t h e  d i rp lay  
e l ec t ron i c r .  I f  f o r  humn engineer i rq  o r  o ther  . r e a r o m  another type of  
p ro jec t ion  o r  d i rp lay  i s  preferred,  t he  raw s igna l  can of courre  be procerred 
l o c a l l y  t o  provide i t .  
Bareline Derign 
The f lying-rpot  rcanner of Figure 2.3-2 i e  b r e d  on the monocentric (Offner) 
re lay.  The o p t i c a l  path ;tar been folded away (Figure 2.3-4) from the  t e a t  c e l l  
i t r e l f ,  t o  avoid phyrical  in te r fe rence .  The fo ld iag  mirror (o r  P i r r o r r )  ha0 t ,. 
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chorea t o  be rwi - re f l ec t iva  brcrura i t  madrise3 the  r a n  amla and a l l w e  tha 
rcamiq beam t o  paor through the t e a t  f l u i d  a l m r t  radial ly.  Thir i r  important 
f o r  d n i d r i q  the  v o l u n  of f lu id  intercepted by the  ecaorriw hu and 
therefore v r i r i a i q  the  r p a t i a l  rero lu t ioa  of the  i a r t ru r rn t .  On the  othor 
hand, a red - re f l ec t iva  foldiag r i r r o r  w i l l  e n t a i l  a rubotaa t ia l  lorr of l u h t  
and w i l l  introduce ahor t r  tha t  murt be blocked o r  a b i o r k d .  
Aa reen i n  Figure 2.3-4, the rpnoceatric relay i implusated  ueiag a r o l i d  
g o  deriga aroombly becaure i t  r e r u l t r  i n  a r u l l e r  and .ore  r t a b l e  
i n a t r u n a t ,  i r  e a r i e r  t o  r e a l i r e  the remi-reflective foldinq mirror a r  a buried- 
rurface bemopl i t t e r ,  and f re rne l  l ~ r r e r  can be be t t e r  controlled. On the  dab i t  
r ide  of the ledger, i t  m o t  be admitted that a 8oUd ryrtem i e  generally harder 
t o  u k e ,  w i l l  reduce the deflect ion produced by any ai-a thermal gradient and 
w i l l  reduce the available rcan a l e .  Itr advantrger outweigh i t r  diradmnt-er. 
To r u l i t e  a ro l id  rymtea while allowing f o r  motion of the t e a t  c e l l  and the 
scanner head, a tero-power a i r  leae h u  been introduced a t  the  two in ter facer  
where n l a t i v a  motion w i l l  occur: (1) between the  scanner arrembly and t he  t e a t  
c e l l ,  a d  (2)  between the rcanner head a d  the  rcanner body. We v i r u l i r e  each 
in ter face  a r  two concvntric rpherical  rurfacer r e p a n t e d  by a om11 a i r  $ap of 
about 1 u. The glarser  a r e  choaan r o  that  the  op t i ca l  power of the th in  a i r  i r  
aero. 
Detec ton conoiderd  f o r  the allowed detec tor  configuration include the 
f o l l o w i q ~  U P T  PIN Spot/2D and I a h e r  HPIN 100D. WhiOh a re  both avai lable  a r  
chipr. The baric  d e a i ~  corutraint  i r  the chip r i t e  t o  accommo&ta the  iug. 
height a t  the center  of 3.30 u a d  f i t  phyrically c l o l e  t o  each o t h r r  i n  a four 
q u d r a a t  a r t m u a t .  
The r o l i d  Offner re lay  ham been derigned t o  be a c h r o m t i c  over the n o r u l  
v i r i b l e  rpectnu. The nominal r e l ay  der ign ha. been h o e d  on the  r i d - i w 8 e  
height  (3.30 n) and t h e  rodium D-line (5893 a n g r t r m ) .  Thi r  nominal der ign  
r e o u l t r  i n  a u l e e t i o n  of 8larrer on the h a i s  of rodium D- l ine  index 9. 
N o r u l l y  r eve ra l  p l a s r e r  w i l l  be ava i l ab l e  wi th  very near ly  t h e  ram0 nD but  wi th  
d i f f e r e n t  d i r p e r r i v e  p rope r t i e r ,  exprerred i n  term. of t he  Abbe V-number which 
can r a t i s f y  the rrquirementr f o r  a c h r o u t i t a t i o n .  
Conriderationr of both t h e  i l l m i n a t i o n  epot r i a e  and t h e  achievable rcan angle  
led t o  rome mutual exc lur ive  phyrical  c o n r t r a i n t r  f o r  t he  r e l ec t ed  
t a rge t /de t ec to r  array.  The ray  envelope which m a t  be a c c m b t e d  a t  t he  
primary mirror  i r  10 mill imeterr  i n  diameter when a 1x1 m t a r g e t  with i t r  
at tendant  motion from index gradient. i n  t o  be used. Thi r  envelope a0 i t  
t r ave r r a r  the  o p t i c a l  arrembly w i l l  al low only a 69' rcan while s t i l l  permit t ing 
a l l  l i g h t  t o  reach the  primary mirror  v i a  t he  fo ld iag  baamapli t ter  and while 
having the e n t i r e  envelope c l e a r  the mirror.  
Improvenntr  i n  t he  bare l ine  dasign can increaae t he  achievable scan angle.  Such 
improvement8 include a more compact t a rge t /de t cc to r  a r r ay ,  a l a r g e r  radium f o r  
the primary mirror ,  and lovering the  index of r e f r ac t i on  f o r  the g l a r s  formlag 
the  amin body of ths relay.  
The rapid r o t a t i o n  r a t e  (10,300 RPM) on the  r c a m e r  head which i r  neceraary t o  
handle the c e l l  r o t a t i ng  a t  i t r  maximum r a t e  of 3 r ad l r ec  maker i t  impract ical  
t o  attempt pu t t ing  e l e c t r i c a l  power i n  o r  ou t  of t h e  head while i n  motion. The 
I 
detec tor  therefore  can not be phyr ica l ly  mounted on the scanne. head. The 
rc 'ution u r d ,  a r  reen f n  Figure 2.3-5, is t o  use Offner r e l ay r  to  put imager of 
r a r r c e  and de t ec to r  onto t he  scanner head. The scanner head incorporater  a f u l l y  
r e f l e c t i v a  buried fo ld ing  mirror  :hat w i l l  r o t a t e  t he re  images i n t o  the r e l f -  
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Figure 2.3-5. Input ReLay t o  Scanner 
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conjugate plane. There they w i l l  func t ion  exac t ly  a r  would phyr ica l  rourcer  and 
de tec tor r .  Thr only part t h a t  mve8,  now, i r  the small  g l a r r  rcanner head, which 
ahould be made ry l~met r ica l  f o r  dynamic balance. 
I f  the  rource/detector  arrembly i s  f ixed ,  a s  w e  would recommend i t  t o  be, t h e  
apparent o r i en t a t i on  of this a r r ay  changes a r  t he  rcbmer head r o t a t e r .  The 
detector. continue t o  record two orthogonal component8 of g rad ien t ,  but t he  
reference axes r o t a t e  over t he  courre of t he  rcan. Thie r o t a t i o n  of axes i r  
r y r t e m t i c ,  however, and i r  known a p r i o r i  very accurately.  Since an encoder 
r i g n a l  w i l l  record #can l a t i t u d e ,  t he  raw encoder i n  a l s o  recording t h e  
ro t a t i on  of the  a r r ay  ue r .  Hence the re  should be no t rouble  i n  t r a n s f o r d u g  
ind ica ted  component. t o  any axe0 des i red ,  a s  pa r t  of t h e  normal reduct ion 
proces r . 
The advantage. of t he  semi-reflective fo ld ing  mirror  car ry  with them t h e  
prerence of ghort.. There a r e  not d i f f i c u l t  t o  e l imina te ,  hwever .  Chootr 
created by t h e  fo ld ing  mir ror  can be d iver ted ,  absorbed o r  blocked. The most 
important ghost is  a r e p l i c a  of the  focussed spot  t h a t  appears a t  the  ghort  
i r g e  of the inner  r e f l e c t i v e  sphere. Thie could be eliminated very rimply by 
placing t h e  scanner h u d  i n t e r f a c e  a t  t h a t  ghost image and phyr ica l ly  blocking 
t h e  l i g h t  with a black o p t  on t h e  g l a r s .  I n  t h e  present case this would make 
t h e  rcanner head l a r g e r  than i r  des i r ab l e  f o r  dynamic r ea rom,  s o  inotead w e  
provided a buried surface a t  t h a t  point which occur8 i n  t he  scanner r e l ay  and 
block the  ghor t  v i t h  a black a h o r b e n t  s t r i p e  on tha t  sur face  (see Figure 
2.3-4). The zero-power i n t e r f a c e  can then be placed r o  a r  t o  minimize t h e  mire 
6 
of the  rcaaner h e ~ d .  
Applyiag t h e  procedure8 and considerat iono de t a i l ed  above, we a r r i ved  a t  t h e  
complete preliminary rcanner configurat ion shown i n  Figure 2.3-6. Thir 
70 am rcrdido 
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Figure 2.3-6. General Syrtem Layout 
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i n r t r u n e n t  promire8 t o  be r e a l i z a b l e  a t  rearonable  c o a t ,  t o  be e t a b l c  and 
r e l i a b l e  i n  u r e ,  and t o  y i e l d  t h e  r e r u l t r  des i red .  
2.3.5 Performance C h a r a c t e r i s t i c r  
The b a r e l i n e  des ign  a s  def ined i n  t h e  previous  s e c t i o n  was analyzed t o  a r c e r t a i n  
whether t h e  image q u a l i t y  was s a t i s f a c t o r y  and whetner t h e  s e n s i t i v i t i e r  t o  
them1 g r a d i e n t  and marker d o t  o p a c i t y  a r e  c o n s i s t e a t  wi th  d e r i g n  goa l r .  The 
image q u a l i t y  was assessed  us ing r a y  t r a c i n g  computational  methods. Ins t rumenta l  
r e n r i t i v i t y  war determined by photometric a n a l y s i s .  
The r e r u l t s  of t h i s  a n a l y s i s  a r e  g iven i n  Table 2.3-2. A comparison wi th  t h e  
requirements g iven i n  Table  2.3-1 i n d i c a t e s  a very  favorab le  r e l a t i o n s h i p  t o  t h e  
de r  igned performance goals .  
Lmprovements i n  both  t h e  ach ievab le  scan ang le  and SNR f o r  thermal  g r a d i e n t  
whi le  p r e s e n t l y  adequate can be enhanced f o r  b e t t e r  performance margin. The 
procedures f o r  t h e i r  improvement have been i d e n t i f i e d  and documented i n  Volume 
11 of t h i s  r e p o r t .  
One source  of o p t i c a l  d i f f i c u l t y  f o r  any AGCE appara tus  is  t h a t  f o r  t h e w 1  
rearonm t h e  o u t e r  s h e l l  of the  t e s t  c e l l  must be made of s a p p h i r e  and sapph i re  
i r  b i r e f r i n g e n t .  Unpolarized l i g h t  i n c i d e n t  on t h e  sapph i re  s h e l l  w i l l  t h e r e f o r e  
be separated on e n t e r i n g  the  c r y r t a l  i n t o  two r a y s  of or thogonal  p o l a r i z a t i o n :  
t h e  o r d i r u r y  ray and t h e  e x t r a o r d i n a r y  ray. Since  t h i s  s e p a r a t i o n  of  r a y s  i n  t h e  
c r y r t a l  can l ead  t o  two s e p a r a t e  images a t  the  d e t e c t o r ,  one of which u y  be 
dimplaced from t h e  o t h e r ,  i t  is  ev iden t  t h a t  b i r e f r i n g e n c e  can  t o  t h i r  e x t e n t  
mimic t h e r u l  g r a d i e n t r ,  and must t h e r e f o r e  be e l imina ted  o r  taken i n t o  account.  
The f l y i n g  rpo t  rcanner  eweepr t h e  t e s t  c e l l  always i n  t h i n  w r i d i o n a l  a r c s .  
Table 2.3-2 
Predicted Performance Charac ter-is t i cs f o r  AGJCE-,Op2,i_cti--Scan~er 
Image Q u a l i t y  (Ray Trace Analysis) 
a f /50 Bundle o f  Rays 
D i f f r a c t i o n  B lu r  
0 Geometrical Image RMS B lu r  
a f / 5  Bundle of Rays 
a D i f f r a c t i o n  B lu r  
0 Geometrical Image RMS B lu r  
0 L inea r i t y  i n  Image Sh i f t  
(over 2 decades range for  
thermal gradient)  
@ Maximum Detectable Sh i f t  
0 Minimum Detectable Sh i f t  
Photometric S e n s i t i v i t i e s  
a System Transmission 
(Source t o  Detector) 
0 Signal Bandwidth 
Target I l l um ina t i on  
(10 wat t  Source) 
e Signal-to-Noise Ratio: 
F u l l  Signal on One Detector 
e Signal-to-Noise Ratio: 
Detection o f  O.Ol°C/cm 5 h i f t  
Signal-to-Noise Ratio: 





1 pa r t  i c  1000 
414 microns o r  12.8°C/cm 
~ 0 . 0 5  microns o r  0.002nC/cm 
30,940 Hz 
42 m i  crowa t tr 
Thir f a c t  can be turned t o  advanta6e i n  e l imina t ing  b i re f r ingent  e f f e c t r  whan 
the o p t i c a l  a x i r  of the  c r y s t a l  i r  p a r a l l e l  t o  t he  a x i r  of ro ta t ion .  s i n c e  a11 
r c a n n i q  ray# a r e  s u b r t m t i a l l y  i n  the w r i d i o ~ l  plane, they m a t  avso then l i e  
i n  t h r  p r inc ipa l  plane of the c rys t a l .  I f  we then p o l a r i r e  tha  r c a n n l q  b e u  
perpendicular t o  the rcanniag plane, which i r  technica l ly  e u y  t o  do, a l l  ray8 
w i l l  appear t o  t h e  c r y r t a l  a8 ordinary rayr  and b i r a f r i q e n t  e f f e c t r  w i l l  have 
bean eliminated. Thi r  r i t u a t i o n  war a r sumd  f o r  t he  ba re l i ne  d e r i w .  
The exact alignment of the o p t i c a l  a x i s  with t h e  a x i r  of r o t a t i o n  can not be 
guaranteed however t o  c l o r e r  t h a t  5 degreer becaure of 1 i . i t a t ions  i n  the 
rapphire  production procear. The b i re f r ingent  e f f e c t r  occuring bemure  of t h i r  
misalignment were analyzed. In  addi t ion ,  t he  u re  of a sapphire  test cel l  with a 
rad iur  beyond 4 cent imeters  requires  the production ef t he  c r y r t a l  with i t 8  
o p t i c a l  ax lo  i n  t he  equa to r i a l  plane of r o t a t i o n  where b i re f r ingent  e f f e c t 8  w i l l  
be increared. The magnitude of these e f f e c t r  w e r C  analyzed 8180. 
The conventional approach t o  understanding the  propaeation and r e f r a c t i o n  of 
l i g h t  waves is  t o  apply Huygen'r p r inc ip l e  i n  i t r  broadert  reare. Thi r  war done 
t o  pe r fom both a preliminary ana lys i s  and a de t a i l ed  ray  t rac ing  t o  i den t i fy  
the magnitude of the b i re f r ingent  e f f ec t .  The r e r u l t  of t h i r  a n a l y r i r  ind ica tes  
t h a t  i n  general  an i r age  de f l ec t i on  w i l l  occur i n  t h e  d i r e c t i o n  of the a p t i c a l  
a x i s  of tllc rapphire  and have a magnitude of :  
A - 0.32 ( r i n  a cos a )  nm 
where a i s  the angle i n  radiane between the extraordinary wave ? r o r u l  and the  
o p t i c a l  a x i r .  
I n  t h e  f l y l a g  rpo t  scanner,  a m l y r i s  i nd i ca t e r  the lover  l i m i t  f o r  accura te  
warurement is 8 de f l ec t i on  of 0.32 microns. An e x t r a o r d i ~ r y  image w i l l  rhow 
t h i r  u c h  de f l ec t i on  when a i r  only 0.001 r d i a n r .  I t  appears i . po r r ib l e  
theref o l e  t o  avoid r i gn i f  i can t  image dirplacementr f tom bi re f  r j  ~ e n t  e t f e c t r  ao 
matter how t h e  o p t i c a l  a x i r  i r  o r ien ted ,  i f  unpolrrized l i g h t  i r  ured. 
However with the o p t i c a l  ax18 of the rapphire  f lxed  r e l a t i v e  t o  t h e  a x i s  of . 
ro t a t i on ,  t he  b i re f r ingent  e f f e c t  w i l l  be completely pred ic tab le  a8 a funct ion 
1- 
of l a t i t u d e  and longitude. The e f f e c t  can therefore  be removed throuah d a t a  
procarring o r  por r ib ly  t he  ure  of polar ized l i g h t  t i e d  t o  t h e  r o t a t i o n  of the  
sphere. Detal led der ign r t u d i e r  i n  t he  f u t u r e  murt t ake  t h i r  i n t o  account. 
2.4 THERMAL --a ANALYSIS AND DESIGN 
2.4.1 - -  Thermal - Analysis 
A d e t a i l e d  s tudy  of l o c a l i z e d  thermal loading on t h e  i n n e r  sphere  was perfotnred 
t o  e s t a b l i s h  t h e  f e a s i b i l i t y  of achieving t h e  d e s i r e d  thermal g r a d i e n t s  and t o  
i d e n t i f y  t h e  requirements f o r  design of t h e  thermal c o n t r o l  system. The s t u d y  
was accomplished by e x p l i c i t  modeling o f  t h e  f l u i d  motion u r i n g  a 53 node 
t h e m 1  model configured as shown i n  Figure  2.4-1 where node d i v i s i o n s  occur  
every 10 degrees  of l a t i t u d e .  
The f l u i d  was divided i n t o  t h r e e  l a y e r s  t o  represen t  t h e  f lawing f l u i d .  
Meridional f low only occurs  i n  t h e  o u t e r  l a y e r s  whi le  r a d i a l  f l w  on ly  occurs  i n  
t h e  middle l ayer .  Also t h e  f l u i d  i s  r e s t r i c t e d  t o  f low only  i n  t h e  nor the rn  
hemlaphere of t h e  model. P o s i t i v e  meridlonal  f low i s  i n  t h e  d i r e c t i o n  of t h e  
pole and p o e i t i v e  r a d i a l  f low i s  i n  t h e  d,rection of t h e  i n n e r  sphere.  By 
spec i fy ing  t h e  t o t a l  mass f low rate of t h e  c i r c u l a t i n g  f l u i d  i n  t h e  convect ion 
c e l l  and t h e  pe rc ta tage  of r a d i a l  f low a t  each middle l a y e r  node, v a r i o u s  
ve loc i ty  p r o f i l e s  can be es tab l i shed .  The mass flow rate a t  each node is 
determined by applying t h e  p r i n c i p l e  of conservat ion of mass flow. Although 
s i l i s o n e  o i l  was used a s  t h e  f l u i d ,  t h e  l ead ing  candidate  f l u i d s  have p r o p e r t i e s  
s u f f i c i e n t l y  c l o s e  t o  make t h e  s tudy r e s u l t s  a p p l i c a b l e  t o  t h e i r  use. 
Because of t h e  r e l a t i v e l y  low v e l o c i t i e s  i n  t h e  c i r c u l a t i n g  f l u i d ,  i t  was 
a s e w d  t h a t  hea t  i d  t r a n s f e r r e d  from t h e  f l u i d  t o  t h e  spheres' s u r f a c e s  by both  
convection and conduction. A l l  nodes are r a d i a l l y  and l a ' * r a l l y  (met idional ly)  
conductively coupled as i f  t h e  f l u i d  was s tagnant .  The o u t e r  l ayers '  convect ion 
c o e f f i c i e n t s  were determined by ~ n a l y z i n g  t h e  meridiohhl f low as flow over  a 
cy l inder .  The t o t a l  couplings f:om t h e  f l u i d  t o  t h e  i n n e r  and o u t e r  spheres '  
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Sapphi r e  3.98 0.10 0.065 N/ A 
Outer Sphere 
Si l icone O i l  1 . I01  0.47 0.00025 1.98 
D i e l e c t r i c  F lu id  
Inner Sphere 
Outer Sphere tqua t o r  
Outel- Sphere Pole 
Ambient Nitrogen Gas 
Figure 2.4-1. AGCE Flow Cel l  Thermal lbde l  
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r u r f a c e r  a r e  the  e f f e c t i v e  coupling8 of conduction and convect ion c a u p l i r ~ r  i n  
p a r a l l e l .  
The r e r u l t s  of t h e  computer runr  f o r  four  temperature  d i r t r i b u t i o l u  wi th  va r iour  
v e l o c i t y  p r o f i l e r  d e f i ~  t h e  hea t ing  and/or coo l lag  requirementr  a t  the  o u t e r  
rphere  pole ,  wter rphere  equa tor ,  and a l l  l a t i t u d e r  of t h e  i n n e r  rphere  and a r e  
rurmnrlzed i n  Table 2.4-1. Examination of t h e  r e r u l t r  rhowr t h a t  t h e  thermal 
requirementr a r e  aore dependent on t h e  v e l o c i t y  p r o f i l e  o r  temperature 
d i r t r i b u t i o n  than tha v e l o c i t y  ~ g n i t u d e .  The l a r g e r t  t o t a l  i n n e r  rphere  c o o l i q  
load is a p p r o x i u t e l y  7.5 w a t t r  (when t h e  e n t i r e  inner  rphere  i r  he ld  a t  lsOc, 
Care IIIA).  Th is  is a l s o  when t h e  g r e a t e s t  hea t ing  load i r  requ i red ,  
approximately 14.0 w a t t s ,  becaure t h e  equa tor  murt be  he ld  a t  3 5 ' ~  whi le  t h e  
inner  rphere  i r  15 '~ .  
Case I V A  i l l u r t r a t t s  t h e  ab~ximm pole hea t ing  l a d  of 5.28 w a t t s  r equ i red  when 
t h e  p c l e  temperature i r  3 5 ' ~  and t h e  flow reversed;  s i m l t a n e o u r l y  1.86 w a t t r  of 
cool ing is requ i red  a t  t h e  equator .  The AGCE t h e m 1  syrtem derc r ibed  b e l w  
intended t o  accommodate t h e r e  worre c a r e  t h e m 1  load cond i t ions .  
2.4 .2  Thermal Syrtem Derign 
- - - -  - 
A f e a r i b l e  AGCE thermal ryr tem is  ohown i n  Figure  2.4-2. The inner  rpher r  
temperature i r  c o n t r o l l e d  by a combination of trim h e a t e r r  and a hemlrpher lcal  
heat  r i n k  ( c h i l l e r  d o w )  pos i t ioned  ino ide  t h e  inner  rphere ,  wi th  a gap between 
the  inner  rphere  and the  h e a t  r ink.  The gap provider  p a r t i a l  t h e m 1  i r o l a t i o n  
between t h e  heat  r i n k  and t h e  inner  ephere. By opera t ing  t h e  hea t  s i n k  a t  a 
t a p e r a t u r e  r m w h a t  lower than t h e  minimm d e r i r e d  f o r  t h e  i n n e r  rphere ,  t h e  
heat  r i n k  a p p l i e r  a b iae  coo l ing  t o  t h e  inner  sphere .  Th i r  b i a r  coo l ing  is 
o f f r a t  a r  d e r i r e d  a t  each l a t i t u d e  by feed-back c o n t r o l l e d  trim h e a t e r r  on t h e  
Table 2.4-1 
Heating - and Cooling Loads Sumnary 
Tota l  Inner  TEM Cooling Outer Equator 
Sphere Cool i ng Outer Pole 
Case* 
- (wat ts)  (wat ts)  
I A 
I A '  
I B 
I C 
I D  
I I I A  
I I I C  
*Numbers r e f e r  t o  temperature d i s t r i b u t i o n s :  
L e t t e r s  r e f e r  t o  v e l o c i t y  p r o f i l e s  ( D  re fe rs  t o  the  stagnant flow case) .  

i n n e r  ophere (every  10' between 5' and 8s0 l a t i t u d e ) .  Thur t h e  h e a t  r i n k  re l j ro  
t o  coo l  t h e  i n n e r  sphere  below t h e  temperature  dee i red  a t  any l a t i t u d e  and tho 
trim h e a t e r s  provide  l o c a l  heatLng a t  each l a t i t u d e  ( p a r t i a i l y  of  f r e t t i o g  the 
hea t  s i n k  bias) t o  achieve t h e  d e s i r e d  l o c a l  i n n e r  sphere  temperaturer .  
Both t h e  i n n e r  sphere  hea t  s i n k  and t h e  o u t e r  sphere  e q u a t o r  temperature6 am 
maintained by t h e  u s e  of t h e r m e l e c t r i c  modules (TPls)  i n  combination w i t h  a 
pumped coo lan t .  Each coo l ing  loop  is  operated independent ly  and can supply  o r  .I 
remove h e a t  from t h e  equa to r  and/or  i n n e r  sphere  heat  d ink as required.  The 
o u t e r  sphere  pole  temperature  is c o n t r o l l e d  d i r e c t l y  by a convect ion cooled TEll 
mounted a t  t h e  pole  l o c a t i o n ;  both  hea t ing  and coo l ing  can be provided.  O v e r a l l  
bea t  r e j e c t i o n  i s  t o  t h e  Spacelab a v i o n i c s  a i r f l o w  via a r o t a t i n g  h e a t  exchanger ; 
t 
(similar t o  t h a t  used i n  t h e  GFFC system) f o r  t h e  t u r n t a b l e  mounted e lements  and 
by a TEH/bPower arrangement f o r  r e j e c t i n g  hea t  From t h e  po le  TEX (as w e l l  ar 
hea t  d i e e i p a t e d  t o  t h e  i n t e r r a 1  AGCE atmosphere). 
Temperature s e n s o r s  a r e  r equ i red  on the  i n n e r  and o u t e r  spheres  t o  c o n t r o l  th. 
h e a t i n g  o r  c o o l i n g  a t  t h e  o u t e r  po le ,  o u t e r  equa to r  and i n n e r  sphere.  I n  a l l  
ch ree  l o c a t i o n s  t h e  t h e r m l  loading can be r e g u l a t e d  by t e a p e r a t u r e  renuor  
f e e d k c k  t o  a d j u s t  t h e  vo l t age  o r  c u r r e n t  t o  t h e  TEHs a s  r equ i red .  By r e v e r s l a g  
th,+ p o l a r i t y  of t h e  vo l t age  and c u r r e n t  inpu t  t o  t h e  TEMs, they can f u n c t i o n  i n  
e i t h e r  t h e  h e a t i n g  o r  coo l ing  modes. Th i s  w i l l  be necessa ry  when t h e  convect ion 
c e l l  c i r c u l a t i o n  is r e v e r e e l  (Case I V  temperature  p r o f i l e ) .  
I n  summary, t h e  t h e m 1  des ign  s tudy  r e s u l t s  show t h a t  a thermal  system c a n  be 
deelgned t o  mainta in  the  des i red  f low c e l l  temperature  cond i t iona .  Although 
des ign  f e a s i b i l i t y  has  been e s t a b l i s h e d ,  f u r t h e r  refinement is necessary  f o r  a n  
optimum f l i g h t  des ign .  I t  is a l s o  recommended t h a t  t h e  f low c e l l  o p e r a t i n g  
temperatures  be inc reased  5 t o  IO'C t o  provide  a more e f f i c i e n t  hea t  r e j e c t i o n  
relationship with the Spacelab av lon ics  a i r  f low.  
, 
2.5 . HIGH - VOLTAGE POWBR SUPPLY 
2 .S. 1 Requ i r rea t r  
The AGCE power rupply i r  required t o  de l ive r  a 15 kV RPIS s ine  wave voltage, with 
- 
an amplitude accuracy of - +3X and a waveform d i r t o r t i o n  of l eas  than 4%. Multiple 
I 
r a t t ing8 (10+200) of the high voltage l eve l  a r e  required and rhould be 
controlled by the  microprocessor. The input power w i l l  be taken from the  
available Shutt le  ayste~r. 
2.5.2 Dcrign Philosophy 
The large  rtep-up r a t i o  (28 v o l t s  DC from the Shut t le  t o  15 kV f o r  the  AGCE) i s  
best  handled by employing a r e r i e s  resonant c i r c u i t  which takes advantage of the  
resonant rire i n  voltage. The capacitance of the sphere, with the  f lu id ,  has 
been calculated t o  be 1.802~10-~1.  Therefore the s e r i e s  inductance necessary t o  
reaouate a t  the desired operating frequency of 300' Hz is  156 henries. A 
preliminary derign of this inductor has been completed. The design incorporates 
a tape core with a high megnetic f i e l d  sa tura t ion  l eve l  permitting the inductor 
t o  be used on the l inear  portion of i ts hys teres is  loop which i a  necessary t o  
achieve waveform l inea r i ty .  The spacing and configuration of the inductor wire 
har been selected t o  f i t  the available volume and t o  minimize the likelihood of 
in te rna l  voltage breakdown. 
2.5.3 Circuit  Dtrcript ion 
The conceptual c i r c u t  i r  rhovn i n  Figure 2.5-1. It c o m i s t s  of the following: a 
I 
r e r i e r  r e r o ~ n t  c i r c u i t ,  a dr iver  r tage,  a voltage controlled gain amplif ier ,  a 
( 
voltage controlled o r c i l l a t o r  (VCO), and feedbe~k  r ignala t o  maintain the proper 
frequency a d  amplitude of the voltage. 

The VCO, which i r  part of a PharrLock Loop (PU), i r  ured t o  generate  t h e  300 
Ilr. I t r  output i r  fed i n t o  a mul t i p l i e r  which ir  ured am a vol t .ge cont ro l led  
w i n  ampl i f ie r ,  the  func t ion  of which i r  t o  con t ro l  th. 9v;tput voltage level. 
The output of the  mu l t i p l i e r  i r  then fed i n t o  8 r i p a a l  condi t ioner  and onto  the 
I d r i v e r  r tage.  The d r i v e r  r t a g e  contains  a 0-11 rtep-up t r a n r f o r w r  whore 
recondary i r  ured t o  d r i v e  t he  resonant c i r c u i t .  A cur ren t  r i g n a l  i r  generated 
i n  the primary of t he  t r a n r f o m r  and fed back t o  t h e  input  of t h e  PLL. Thi r  
a r r u r e r  t ha t  t he  c i r c u i t  w i l l  be operated a t  reron8nce a t  a l l  tiwr. A t ap  on 
the  inductor  i r  ured t o  monitor t h e  high voltage output. This  r i g n a l  a f t e r  
proper condi t ioning i r  fed back t o  t h e  mu l t i p l i e r  t o  m i n t a i n  the  proper output  
l eve l .  It rhould be po r r ib l e  t o  ob ta in  the  100:l dynamic l e v e l  a d j u r t r c n t  by 
ur ing only the  mu l t i p l i e r  a r  the cont ro l  device.  Some t e s t i n g  w i l l  be necerrary 
t o  confirm t h i s .  
Information t o  r a t  t he  des i red  voltaga l e v e l  can be obtained from the  on-board 
microprocesror. This  information is fed t o  a d ig i t a l l 8na log  (D/A) converter  
whore output i r  ru-d with the e r r o r  feedback s igna l  and preeented t o  t he  
mu l t i p l i e r ,  which i n  t u r n  regula tes  the  high vol t .ge output. Up t o  256 vol tage 
l e v e l r  a r e  posr ib le  with a s ing l e  8 b i t  D/A converter.  
The phyrical  dimensions f o r  t he  inductor  a r e  8-3/16" L x 4-318" W x 5-114" H,  
occupy iq  188 cubic  incher.  The inductor  i r  er t imated t o  weigh 3.5 k i l o g r a w .  
The u r o c i a t e d  e l ec t ron i c  package rhould not exceed 4-318" L x 4-318" W x 2-112" 
I 8, occupying 48 cubic  incher  and weighing about 1.0 k i log ram.  
I 
With the  exception of the  induc tor  which m o t  be curtom made, a l l  t h e  camponento 
f o r  t h e  high vol tage pawer rupply a r e  r tock  itemr. 
2.6 KXPBRmNT CONTROL AND DATA IUNDLXNC 
The type and quant i ty  of d a t a  t o  be generated by tho  ACCE played a key r o l e  i n  
t h e  r e l e c t i a n  of t he  ph l lo~ophy  f o r  experiment e o n t t o l  and data handlinp. The 
AGCE data ,  un l ike  that f o r  the  CPFC, a r c  i n  e l ec t ron i c  farm and being generated 
I 
at a r e l a t i v e l y  high r a t e .  I n  a trade-off r tudy between on-board e l ec t ron i c  
video recording and telemetry,  telemetry war j u d p d  t o  be t h e  better approach 
becaure i t  produced a r i o p l e r ,  lerr c o s t l y  f l i g h t  packwe and allowed f o r  a pore 
d i r e c t  r o l e  on the  pa r t  of the  pr inc ipa l  i nve r t i ga to r  (PI) duriag t he  cour re  of 
t he  f l i g h t .  
On-board recordfag not  only requi te r  video recorder  and i n t e r f  .clog c i r c u i t r y  
but d r o  r u i t a b l e  d i rp layo  and control8 f o r  the paylord rpecialirt (PS) t o  
a r r e r r  and con t ro l  performance. I n  f l i g h t  form, t h i r  equipmnt  addo 
ruba t an t i a l l y  t o  t he  coa t  of the  f l i g h t  system and minimizes PI involvemat .  I n  
con t r a s t ,  telemetry of experiment da t a  t o  the  Paylord Operation Control Center 
(POCC) permito a r h i f t  i n  ro le8  of the  PI  and PS ruch t h a t  t h e  PI  d i r e c t l y  
a r r e r r e r  and i a d i r e c t l y ,  v i a  the  PS, con t ro l r  ryrtem operation. Thur the  
telemetry mode doer not requi re  on-board d i rp layr ;  r a t h e r  there  d i r p l a y r  r e r i d e  
i n  t he  AGCB Ground Support Equipmnt (CSE) which w i l l  be ured i n  q u a l i f i c a t i o n  
a d  acceptance t a r t i n g  a r  well a r  f o r  P I  ure  a t  t he  POCC. Table 2.6-1 r l r i r e r  
t h e  da t a  handling and con t ro l  philorophy recolpanded f o r  t he  ACCE. 
Figure 2.6-1 rhowr a ACCE electrical ryrtem func t iona l  block d i q j r u  
incorporat in8 the atove da ta  handling and con t ro l  philorophy. The electrical 
r y r t r  provider f o r  microprocerror cont ro l  of the r eve ra l  t h e m 1  cou t ro l  loopr ,  
tvo r o t o r  rpeed con t ro l  loopr,  cont ro l  of the high voltage power rupply, da t a  
acqui r i t ion ,  da ta  f o r v t t i a g  and de l ivery  t o  Spacelab f o r  te lemeter lag t o  t h e  
POCC. 
Table 2.6-1 
ACCt Data Marugrrent, PS/PI Involvement 
a Data t o  POCC via B W ;  no on-orbi t  recording 
Limited r e a l  ti- d a t a  ava i l ab l e  t o  AGCE GSE f o r  accecr ing ryrtem 




h r k e r  Dot Location 
Scenario Number 
r A l l  d a t a  recorded by POCC f o r  por t  mirrion a n a l y r i r  by PI  
PS r e l e c t r  a l l  experiment va r i ab l e r  a t  o t a r t  of each experiment rcenar io  
and initlater execution; experiment vrrrlabler provlded t o  PS i n  AGCE 
f l i g h t  inmtrument document. No S/W r tored  rcenarior .  
PI r o n i t o r r  experiment rc ience a t a t u r  u r ing  AGCE GSE located a t  t h e  
POCC. PI con t ro l r  dura t ion  of each ocerurio.  Scenario t e r m i ~ t a d  and new 
rcenario rtart v i a  voice i na t ruc t ion  t o  PS from PI. PI may devia te  from 
planned rccnar io  requence o r  chawe r ce ru r io  p a r a r t e r r  by voice 
i n r t r u c t i o n  t o  PS (a8 loag a r  planned peak power, da ta  r a t e r ,  t o t 8 1  test 
t im a r e  not: exceeded). 
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Fiaurea 2.6-2 and 2.6-3 ahow the  on-board da ta  ryatem and da ta  bcqu i r i t i on  
ayrtem portionc of the  e l e c t r i c a l  ryatem. Figure 2.6-4 a h w a  the  end-to-end da t a  
,ath. The maximum d a t a  r a t e  i r  e a t i u t e d  a t  518.4 K by.. Mote t ha t  time tagsing 
ur ing Greenwich Mean Time of AGCE te leae te red  da ta  t o  not necerrary and 
. therefore  not provided by the  AGCE. Thir tagging can be provided by t he  POCC i f  
deaired. Time tagging a t  t he  POCC e l i m i ~ t e r  the  need f o r  an Remote Acqcir i t ion 
Unit (RALI) and RAU adapter  &a pa r t  of the ACCE flLght myatem. 
Thir ove ra l l  experiment cont ro l  and da t a  handling philosophy l a  p a r t i c u l a r l y  
well-auited t o  t he  aature of t he  implementation scheme ae:ected f o r  t h e  ACCE. 
The approach not only lowers the  coa t  of the f l i g h t  u n i t  but maximitea t he  uae 
of the  GSE and providea a high l e v e l  of d i r e c t  i n t e r a c t i o n  by t h e  p r inc ipa l  
i avea t iga tor  which i r  a neceroary ingredient  i n  the p e r f o r ~ u n c e  of a a c i e n t i f l c  
experiment. 
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2.7 - APPARATUS CONFIGURATION - 
The general  approach employed t o  generate  the  AGCY system configurat ion was t o  
r e t a i n  8s much of the  GPFC system configurat ion a s  por r ib le  and sti l l  be 
cona i r ten t  with t he  new r e s u l t s  generated during the  course of t h i s  AGCE study. 
* 
Configuration guide l ines  wsre a l s o  generated t o  a s su re  compatibj.lity with t he  
Spacelab experiment area.  
Although the  AGCE and GFFC system configurat ions a r e  fundamentally s imi l a r ,  
implementation of some rystem fea tures  i s  found t o  be s i g n i f i c a n t l y  d i f f e r e n t .  
This is p a r t i c u l a r l y  t r u e  i n  the  a reas  of :  
Optics f o r  experiment observations 
Flow c e l l  conr t ruc t ion  
a Data management 
a PS/PI/POCC involvement 
However, wherever practice;,  the  AGCE configurat ion is based on the  
corresponding port ion of the CFPC system. For example, both systems use an a i r -  
to-air  heas exchanger t o  t r ans fe r  heat  from t .s rotatdng turn tab le  t o  tne  
Spacelab's avionic@ a i r  flow. Their design d e t a i l s  a r e  s i m i l a r  except t hn t  the 
AGCE tu rn tab le lhca t  exchanger coobination is sone!what l a r g e r  t o  accomproda t e  t he  
l a rge r  AGCE f l u i d  flow c e l l .  
The r e r u l t r  of this configurat ion study c l e a r l y  ee t ab l i sh  the  f e a s i b i l i t y  of 
incorporating the  AGCE i n t o  the Spacelab without any s ign i f  i can t  compromises t o  
the  sxpe r imn t  ob j ec t ives  and Smplementation rchemes. 
For t he  purport? of t h i s  conf igura t lon  rtudy , the  AGCE syetem was assumed t o  
provide che funct ions shown by Figure 2.7-1. A 8  shown, t he  f l u i d  flow c e l l  i s  
the hear t  of the  syrtem, s imulat ing planetary o r  s t a r  condi t ions depending on 
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Figure 2.7-1. AGCE Functional Diagram 
t he  d i r e c t i o n  of heat flow. System operat ion i r  i n i t i a t e d  by t h e  opera tor  who 
8e lec t8  and s t a r t 8  the desired experiment scenario.  The microcomputer then 
i r r u e s  command8 i n  the appropriate  time sequence t o  c a r r y  out  t he  experiment 
t 
rcenario.  Per iod ica l ly ,  o r  a t  the  beginning of each experiment scenar io ,  t h e  
I d i e l e c t r i c  f l u i d  i n  the  flow c e l l  is  f l l t e r e d  t o  remow pa r t i cu l a t e r .  The 
thermal con t ro l  capab i l i t y  e s t ab l i shes  t h e  des i red  therlpal condi t ions on the  
inner  and ou te r  spheres of t he  flow c e l l  ( a s  wel l  as t ranspor t ing  excess heat  
from a l l  system elements t o  the  Spacelab avionics  air). High voltage is appl ied 
t o  t h e  flow c e l l  t o  s imulate  a g r a v i t a t i o n a l  f i e l d .  The W op t i c s  generates  
m r k e r  d o t s  by a c t i v a t i o n  of d i s c r e t e  a r ea s  i n  the d i e l e c t r i c  f l u i d .  The scanner 
op t i c s  generates r e a l  t ie  d a t a  ( i n  e l ec t ron i c  f o r i )  f o r  thermal and flow 
mapping of the  d i e l e c t r i c  f l u i d .  This  experiment da t a ,  and o the r  housekeeping 
da ta ,  a r e  formatted by the  da,n handling e l ec t ron i c s  f o r  transmission t o  the  
POCC v i a  t he  Spacelab HRM. 
Figure 2.7-2 shows the  AGCE system i n s t a l l e d  i n  a s i m l ~ t e d  Spacelab s i a g l e  bay 
rack. Figure 2.7-3 d i sp lays  the  ac t i ve  i n t e r f aces  with t h e  Spacelab. The AGCE 
system can be contained wi th in  the  limensjonal envelope allowed by t h e  Spacelab 
Payloads Accommodation Handbook SLPl2104. The AGCE system m y  be i m t a l l e d  i n  
e i t h e r  a s i n g l e  or double bay rack. A r i g h t  ha:td s ide  i n s t a l l a t i o n  is  preferred 
i f  a double bay rack is  used, because t he  avionics  a i r  duct connection6 f o r  the  
r i g h t  hand s i d e  a r e  i d e n t i c a l  t o  t ha t  f o r  a s i n g l e  bay rack. Figure 2.7-4 shows 
the  cabl ing diagram f o r  t he  system. 
b 
Total  AGCE f l i g h t  system weight a s  shown i n  Table 2.7-1 is estimated a t  104.3 
. This  e r t imate  includes a growth cont i~igency fac tor .  The ACCE is  comparable 
e 
t o  t h e  GFFC weight even though the  AGCE c e l l  is planned t o  be l a r g e r  than used 
i n  t he  GFFC. The flow c e l l  dimensionr were s e l ec t ed  t o  conform t o  t h e  maximum 
Figure 2.7-2. AGCE Sys tem I n s t a l l e d  i n  S p a c e l a b  Rack 
(CABLING, CLOSE-OUT PANELS, HOSi  CONNECTIONS 
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mtod i n  the  cont rac t  work r t a t m n t ,  1.e. an inner  rphere r ad ius  of 5*0 cm and 
an ou t e r  rphere inner  rad iur  of 6.0 cm. Hwever, the  mechanical arrembly can 
acc#roCmte a romewhat l a r g e r  flow cell,  on the  order  of 9.0 c r  o u t e r  r ad iu r  f o r  
I 
t he  ou t e r  rphere (7.5 c r  inne r  rad iur ) ,  with r e l a t i v e l y  mlnor impact. 
-' f 
v * 
i Table 2 .7-1 
Entimated AGCE Syrtem Weight Compared with GFF6 i d g h t  
Syr tea  Element ACCE Fl igh t  System GFFC Fl igh t  Syrtem* 
Hechanlcal Assembly 58.9 kg 66.6 
Elec t ron ic  Arrembly 31.7 kg 13.8 kg 
Ancil lary Equipment 13.7 kg 5.6 kg 
TOTAL 104.3 kg 
*Data from GEPC I U  of 10/14/80 
The de ta i l .  f o r  each component of t h e  AGCE were t r aa r f e r r ed  t o  wooden modelr t o  
examine r e l a t i v e  placement and eane of accers .  The rerrult ing wooden mock-up of 
the  ACCP, de rc r i t ed  i n  Sect ion 1.0, war found t o  be a u se fu l  v ioua l iza t ion  tool .  
Ewineer ing  rketcher  f o r  3 e  envelope were generated a l r o  duriag t h e  cour re  of 
t h e  r tudy and ured t o  e r t a b l i s h  t he  phyriccri c h a r a c t e r i r t i c r  important t o  both 
t ha  configurat ion and cor t ee t i u t i o n  a c t i v i  ti-. 
2.8 CONCLUSIONS AND RECM4ENDATIONS 
The f e a r i b i l i t y  rtudy f o r  the Atmorpheric General Ci rcu la t ion  Experiment (ACCE) 
examined a11 of the technical  a rear  c r i t i c a l  t o  the rucce r r fu l  implementation of 
the expe r imn t  on Spacelab. The ove ra l l  conclurion t o  be drawn from the  rtudy 
r e r u l t r  i r  t h a t  the  ACCE i r  f e u i b l e  f o r  Spacelab with no i d e n t i f i a b l e  technica l  
obotacle t o  block it- rucce r r fu l  campletion. Furthermore, t h e  f l e x i b i l i t y  i n  the 
der ign parameterr f o r  t h e  AGCE ehould be r u f f i c i e n t  t o  permit good r e n r i t i v i t y  
i n  exploring the onaet of baroc l in ic  i a r t a b i l i t i e r  f o r  t e r r e r t r i a l  r t ro rpherar .  
The technical  a t e a r  receiving the  wrt a t t e n t i o n  i n  t h e  rtudy were: a )  u t e r i a l r  
f o r  the d i e l e c t r i c  f l u i d ,  rphere s h e l l ,  f l u i d  b a f f l e  and contamination cont ro l ;  
b) o p t i c a l  r e t r i e v a l  of experiment data;  c )  t h e m 1  con t ro l  of e x p e r i w n t  
conditions; d)  production of high voltages; and e)  apparat-s configurat ion and 
c u p a t i b i l i t y  with Spacelab. There a r ea r  vere  recognized a t  the  s t a r t  of the  
p r o g r u  t o  be t he  most probable rourcer f o r  l im i t i ng  t he  f e a s i b i l i t y  of 
performing an adequate apace experilwnt.  
The r e r u l t r  generated i n  each a rea  did not uncover any i ~ u m o u n t a b l e  impediment 
t o  t he  AGCE. They did h igh l igh t  however a r ea r  which muat receive r p t c i s l  
a t t e n t i o t ~  i n  the f i n a l  der ign of t he  ACCE t o  inaure a rucce r r fu l  experiment. 
Arear requir ing e x t r a  a t t e n t i o n  include: a )  pu r i f i ca t i on ,  handling and 
maintenance of f l u i d  qua l i t y  f o r  f l u i d r  with d i e l e c t r i c  constant6 above 5; b) 
r e l ec t i on  of mater ia ls  coring i n  contact  with the  d i e l e c t r i c  f l u i d  t o  minimire 
c o n t a m i ~ t i o n ;  c )  p r o c e r ~ i n g  procedures f o r  the op t i ca l  d a t a  t o  handle t he  
e f f e c t 8  of blrefr iagence and t a rge t /de t ec to r  ro t a t i on  while rcanning; d)  rcanncr 
dcr ign t o  optimize the achievable s i g n a l - t o a o i r e  ra t io .  necenrary f o r  good 
de tec t ion  r e n r i t i v i t y  of thermal grad ien ts  and f l u i d  flaw; and e )  a c h i e v a b ~ e  




which a f f e c t  t he  con t ro l  of t h e m 1  g r d i e n t r  and compatibi l i ty  with mechanical 
! i n t e r f ace r .  The a r u l y r i r  done i n  t he  r tudy ind i ca t e r  each a r ea  can accommodate 
I there  concernr and w i l l  not l i m i t ,  individual ly  o r  c o l l e c t i v e l y ,  t he  AGCE 
4. 
f e a r i b i l i  ty  . 
A r i gn i f i can t  conclurion t o  be drawn, when the  r e r u l t r  from the  technica l  a reas  
a r e  conridered co l l ec t i ve ly  , concernr experiment f l e x i b i l i t y  . Suf f i c i en t  
v a r i a b i l i t y  e x i r t s  i n  der ign parameterr such a r  f l u i d  d i e l e c t r i c  constant ,  
rphere c e l l  diameter, experfrant  c e l l  gap. range of t h e r u l  con t ro l  and appl ied 
high voltage t o  allow conrid+rable f l e x i b i l i t y  i n  es tab l i sh ing  the  experiment 
pa t awte ro .  Thir f l e x i b i ' i t y  can. cont r ibu te  r i g n i f i c a h t l y  t o  adequately mapping 
condi t ionr  cont ro l l ing  h r o c l i n i c  i n a t a b i l i t i e r .  The f l e x i b i l i t v  l a  Further 
increased by the  a b i i l e y  of the pr inc ipa l  i nve r t i ga to r  t o  receive,  evaluate  and 
reac t  i n  real-time to  the  AGCE resulLs. This  a b i l i t y  f o r  the  P I  18 achieved by 
the  experiment cont ro l  and da t a  handling proceJures se lec ted  f o r  t h e  AGCE. 
The configurat ion f o r  the AGCE f i t s  w e l l  wi thin a s ing l e  experiment bay rack and 
can e f f ec t i ve ly  orate with t he  r e rv i ce s  required f o r  i t 8  operation. 
The cos t  ana lys i s  f o r  the AGCE doer i nd i ca t e  a r i g n i f i c a n t  impact on t o t a l  c a r t  
a r  a funct ion of the  r t a r t i n g  da t e  f o r  the  program. A minimum coa t  program 
therefore  w i l l  r equi re  as  e a r l y  a s t a r t  a r  por r ib le .  
The recommendations t o  k made l i e  p r inc ipa l ly  i n  t he  realm of technical  
a c t i v i t i e r  t o  i n ru re  a round design with good performance margin. 7Le 
r e c m e n d a t i o n r  of moat s ign i f icance  a re :  
I 
a )  i t  i r  h i ~ h l y  recowended that the  f l u i d  pu r i f i ca t i on  and 
1. 
charac te r iza t ion  program out l ined i n  t h i r  r tudy be completed e a r l y  i n  
t he  AGCE f i n a l  hardware deu4gn e f f o r t ;  
b) i t  i r  h igh ly  recommended t h a t  a  genera l  to le rance  and r e n a i t i v i t y  
a m l y r i r  f o r  t h e  ryrtem be done t o  establish l i m i t r  on performance 
expec ta t ion  and provide a  b a r i s  f o r  c o s t  e f f e r t i v e  a l l o c a t i o n  of 
f a b r i c a t i o n  t o l e r a n c e r  ; 
c )  i t  i s  recommended that p o l a r i s a t i o n  of l i g h t  i n  t h e  o p t i c a l  rcanner  
ryrtem be given f u r t h e r  a t t e n t i o n  f o r  d a t a  proceer ing t o  accommodate 
b i re f r ingence  and r o t a t i o n  a f f e c t s ;  
d)  i t  i o  recommended that f u r t h e r  i n ~ v e r t i g s t i o n  be given tc t h e  r e l e c t i o n  
and v e r i f i c a t i o n  of hea t  t r a n s f e r  p r o p e r t i e s  of t h e  m a t e r i a l  t o  be used 
i n  t h e  gap below t h e  rphere'r inner  r u r f a c c ;  t h i s  i n  most e l g n i f i c a n t  t o  
achieving t h e  p red ic ted  thermal c o n t r o l  c a p a b i l i t y ;  
e )  i t  is  recommended t h a t  f u r t h e r  i n v e s t i g a t i o n  be done on t h e  e f f e c t i v e  
thermal conductance of t h e  c i r c u l a r  f inned heat  t r a n s f e r  module a t  t h e  
pole of the  AGCE c e l l ;  t h i s  i s  most s i g n i f i c a n t  f o r  c o n f i g u r a t i o n  
compat ib i l i ty  wi th in  the  l i m i t e d  volume of t h e  AGCE c e l l ;  
f )  i t  i r  h igh ly  rccoausended t h a t  t o  minimize program c o o t ,  engineer ing 
design a c t i v i t y  l ead ing  t o  an engineer ing mode: be i n i t i a t e d  a s  e a r l y  a s  
por s i b l e  . 
